


BULLETIN 


OF THE 


CHEMICAL SOCIETY OF JAPAN 


M. 
H. 
H. 
H. 


M. 


a 


H. 


M. 


aa 


M. 


M. 





Vol. 32 No. 3 March 1959 





CONTENTS 


General and Physical 
IWASAKI: Molecular Structure and Rotational Isomerism of Some Fluorochloroethanes. 
TAKAHASHI: Effects of Dry Grinding on Kaolin Minerals. I. Kaolinite. 
TAKAHASHI: Effects of Dry Grinding on Kaolin Minerals. II. Kibushi-clay 
TAKAHASHI: Effects of Dry Grinding on Kaolin Minerals. III. Halloysite . 
KONDO and K. MEGURO: The Interaction between Dyes and Surfactant. I. 
MURAMATSU: Non-exchange of Sulfur Atoms between Sulfate and Sulfonate Ions. 


Analytical and Inorganic 
SUGAWARA, M. TANAKA and S. OKABE: Separation and Determination of Microgram 
Quantities of Molybdenum in Natural Waters. ae eo oe ea ee ee ee 
Oo1, Y. KOMIYAMA, Y. SAITO and H. KurROyaA-: The Crystal Structure of trans-Dibromo- 
bisethylenediamine-cobalt (III) Bromide Hydrobromide Dihydrate i, ee be ee 
SHIBATA and T. MATSUMAE: Spectrophotometric Determination of Uranium with Neo- 
thorone Se oe ee ee ee ee ee ee eee ee ee ee a ee a ee ee 
TAKETATSU : Jon-Exchange Separation of Cerium and Thorium with Lead-EDTA Complex 
as Eluting Agent aoe ae a eae ee ee ee ae ee ee ee eo ee eee ee ee 
SANO: Studies on Organic Reagents for Inorganic Analysis. V. m-Nitrophenylfluorone 
for the Spectrophotometric Determination of Zirconium. 

Organic and Biological 
OGATA and I. TABUSHI: Kinetics of the Selenium Dioxide-Catalyzed Hydrogen Peroxide 
Oxidation of Dimethylaniline in Aqueous Methanol. ee ae eee ee ee ee 
KINOSHITA and S. UMEZAWA: Studies on Antibiotics and Related Substances. VIII. 
Syntheses of the Two Enantiomorphs of 5-Methylenecyclopentanone-3-carboxylic Acid . 
MoriTA: Selective Oxidation of Allylic Alcohols with Active N-Halogen Compounds. II . 
Toki: Synthesis of Sarkomycin. II. A New Synthesis of the Alkyl Cyclopentanone- 


3-carboxylate 


MUKAI: Reaction of 2-Chloro-3-phenyltropone and 2-Chloro-7-phenyltropone with Ammonia — 


and Amines. i ee eo Troe ee 
KATO and M. OHTA: Studies on Meso-ionic Compounds. IX. Sydnone-4-carboxylic acid 


via Lithium Compound ee ee ae ee ee ee ee 
FusImMoTO: Phenothiazine Derivatives. III. Mechanism of the Reaction of Diphenylamine 


WE TONE GEE cn cc Cw Kee Os ° 
Fusimoto: Phenothiazine Derivatives. IV. Reactions of Thionyl Chloride with Some 
Substituted Diphenylamines and with Naphthylamines. 


(Continued on inside cover) 


Published by the Chemical Society of Japan 








THE CHEMICAL SOCIETY OF JAPAN 
(NIPPON KAGAKUKAIT) 


Founded in 1948 


Successor to the former Chemical Society of Japan founded in 
1878 and to the Society of Chemical Industry, Japan founded in 1898. 


OFFICERS 


Munio Koraxe, President, Osaka University, Osaka 

Shin-ichiro Fuyise, Vice-President, Tohoku University, Sendai 

Taro Hayasui, Vice-President, Ochanomizu Women’s University, Tokyo 
Tokuichi Tsumaki, Vice-President, Kyushu University, Fukuoka 
Kenichi Yamamoto, Vice-President, Waseda University, Tokyo 


BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN 


Editor: Yoshiyuki Urusnisara, The University of Tokyo, Tokyo 
Assistant Editor: Kazuo Sairo, The University of Tokyo, Tokyo 
Editorial Board: 


Rempei Gorou Kei Marsuzaki Tadao Suisa 

Hiroshi HamMacucui Saburo NAGAKURA Osamu SIMAMURA 
Genjiro Hazato Hiroshi Nozaki Mutsuaki SHINAGAWA 
Isao IcHISHIMA Seizo OKAMURA Tatsuo TAKESHIMA 
Masaji Kuso Tunetaka Sasaki! Sumio UMEzawa 
Hisao Kuroya Tetsuro SEIYAMA 





Continued from outside cover) 


Applied 

OGino, M. OBA and H. UCHIDA: Study on Zinc Oxide-Chromium Oxide Catalyst. III. 
Promoting Effect of Chromium Oxide on Catalytic Activities for Methanol Synthesis and 
Decomposition . 

Short Communications 
IyYoDA and I. SHIIHARA: Synthesis of Trimethylboron from Boric Anhydride or Borate. 
TsuBol, T. TAKENISHI and Y. IITAKA: Coexistence of Two Different Molecular Forms 
within a Single Crystal of L-Valine. . tae oa , ee ee 
OKI and H. IWAMURA: vo_» Absorption of Chateetanel nnd Epicholesterol , 
MURAKAMI and K. TAKAHASHI: Asymmetric Synthesis of Threonine by Optically Active 
Complex Ions of Cobalt... oe 
SHIMADA: The Crystal Structure of Penuatamasits Acid. ‘ 
OKAMOTO and K. TAKEUCHI: Effect of Antioxidants on Pulvetatens . A 
AKABORI, S. SAKAKIBARA and K. SAKAKIBARA: On the Photochemical ocssmeshion 
of 2,4-Dinitrophenyl Peptides ... . Se ee a oY ee ee er eee rt ae ee ee eee 
TADOKORO, S. NOZAKURA, T. KITAZAWA, Y. ‘Vasu HARA and S. MURAHASHI: talteowed 
Absorption Bands Possibly Associated with the Helical Structure of Polystyrene, Poly- 
p-methylstyrene and Poly-m-methylstyrene Prepared with Ziegler Catalyst. ....... 
SAKAN, A. FuJINO, F. MURAI, Y. BUTSUGAN and A. Suzui: On the Structure of 
Actinidine and Matatabilactone, the Effective Components of Actinidia Poly gama. 
MURAKAMI: Rapid Gas Chromatographic Analysis of a Mixture of Oxygen, ieee, 
Methane, Carbon Monoxide, and Carbon Dioxide ..........2.c-e-cccceccvecese 


. 284 
. 304 


- « 309 
. 306 


. 308 
. 309 
. 310 


. 3il 


fr ef CF sh ZG eh O26 Oe 26 bet ot bt ee a Ul De 





Molecular Structure and Rotational Isomerism of Some 
Fluorochloroethanes 


By Machio IWASAKI 


(Received August 15, 1958) 


The problem of rotational isomerism in 
chlorinated ethanes has been well eluci- 
dated by a number of investigators from 
various points of view. In the series of 
CH.CI-CH-Cl, CHCl.-CH:Cl and CHCl, 
CHCI1., the energy differences between the 
trans (or C;) and the gauche forms are 
expected to be almost equal, from simple 
considerations on the interaction between 
non-bonded atoms. Contrary to this ex- 
pectation, the experimental evidence shows 
that there are remarkable variations in 
the energy differences in these three 
compounds: the energy difference for 
CH.CI-CH-Cl is reported to be 1.0~1.3 
kcal./mol. by many investigators'~“”, that 
for CHC1.-CH.Cl is 2.9kcal./mol.°* and that 
for CHCl.-CHCl, is nearly 0kcal./mol.*”, 
these data being evaluated in the vapor 
state. 

Miyagawa” suggested that this variation 
of the energy difference for these three 
compounds arises from the _ induction 
effect and the difference in bond angles. 
Kreevoy and Mason gave in their recent 
paper” the same explanation for this ex- 
perimental result. Miyagawa’ also re- 
ported that the substitution of a hydrogen 
atom in chloroethanes with a methyl 
group having a van der Waals’ radius 
almost equal to that of chlorine atom gave 
no appreciable decrease of the energy 
difference between the isomers. This fact 
stimulates the investigation of the effect 
of fluorine substitution which introduces 
the C—F bond moment that is almost 
equal to the C—Cl bond moment in con- 

1) I. Watanabe, S. Mizushima and Y. Morino, Sci. 

Papers Inst. Phys. Chem. Research (Tokyo), 39, 401 

(1942). 

2) T. Shimanouchi, H. Tsuruta and S. Mizushima, 

ibid., 42, 51 (1944). 

3) H. J. Bernstein, J. Chem. Phys., 17, 258 (1949). 

4) W. D. Gwinn and K.S. Pitzer, ibid., 16, 303 (1948). 

5) J. R. Thomas and W. D. Gwinn, J. Am. Chem. 

Soc., 71, 2785 (1949). 

6) K. Kuratani and S,. Mizushima, J. Chem. Phys., 

22, 1403 (1954). 

7) K. Naito, Repts. Osaka Ind. Research Inst., 

(Osaka Kogyogijutsu Shikenjo Kiho), 8, 1 (1957). 

8) Il. Miyagawa, J. Chem. Soc. Japan. Pure Chem. 

Sec. (Nippon Kagaku Zasshi), 75, 1169, 1173, 1177 (1954). 

9) M. M. Kreevoy and E. A. Mason, J. Am. Chem. 

Soc., 79, 4581 (1957). 


10) I. Miyagawa, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 75, 1162 (1954). 


trast to the methyl substitution which 
introduces inappreciable change in elec- 
trostatic interaction. 

Furthermore, the general applicability 
and the merits of various potential func- 
tions®’ that have recently been proposed 
can not be criticized until comprehensive 
data on the molecular parameters are 
available. Therefore, it is desirable to 
carry out a study on the molecular struc- 
ture and the rotational isomerism of some 
fluorochloroethanes by electron diffraction 
which will give the data for the energy 
difference and the azimuthal angle of the 
gauche form in addition to other molecular 
parameters. 

The present writer 
studies on the molecular 
CF.CI-CF.Cl, CFCl.-CF.Cl and CFCl 


has undertaken 
structure of 
CFC]I 


. in order to find the effect of fluorine sub- 


stitution on the energy difference between 
the isomers and on the bond distances. 
Apparatus.—In earler investigations, the 
molecular scattering term required for the 
analysis of molecular structures was estimated 
visually from the total scattering which was the 
supperposition of small oscillation corresponding 
to the molecular term and the steeply falling 
background corresponding to atomic and incoher- 
rent scatterings, because the background fell off 
very rapidly with an increasing scattering angle 
so that it was difficult to record and measure the 
pattern accurately. Therefore, the visual method 
may essentially be free from a large error in 
the estimation of intensities. As a matter of 
fact, there is a limit in the accuracy of the 
molecular parameters determined by the visual 
method; moreover this method is not sufficiently 
reliable to provide solutions for such a com- 
plicated problem as that of rotational isomerism. 
This difficulty has been overcome by the use 
of a rotating sector to compensate for the sharp 
drop in intensity by screening electrons appro- 
priately before they reach the photographic 
emulsion used to record the pattern, and by 
the measurement of the resulting diffraction 
patterns with a _ recording microphotometer. 
The sector-microphotometer method has been 
proposed independently by C. Finbak'® and 
by P. Debye’? and has been developed by the 
11) C. Finbak, Avhandl. Norske Videnskaps- Akad. 


Oslo I. Mat.-Naturv. Kl. 13, (1937). 
12) P. P. Debye, Physik. Z.. 40, 404 (1939). 
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Fig. 2. Sectional drawing of an electron diffraction unit. 
1. filament, 2. Trichter, 3. anode, 4. to pump, 5. diaphragm, 6. slit, 7. shield case 
made of permalloy, 8. Helmholz coil, 9. magnetic lens, 10. stop valve, 11. slit, 12, 13. 
port for specimen injection, 14. window, 15. to pump, 16. fluorescent screen, 17. ball 
bearing, 18. sector, 19. pulley for rotating the sector, 20. cassette, 21. fluorescent 
screen, 22. photographic plate, 23. handle for rotating photographic plates, 24. handle 


for rotating fluorescent screen. 


Norwegian school!®. Several laboratories!*~!~ 
now use this method in electron diffraction in- 
vestigation on molecular structures. In our 
country, the first apparatus having a rotating 
sector was constructed by Ino! and applied to 
thin amorphous films of a high polymer. The 


13) C. Finbak, O. Hassel and B. Ottar, Arch. Math. 
Naturvidenskap., 44, No. 13 (1941); O. Hassel and H. 
Viervoli, Acta Chem. Scand., 1, 149 (1947); O 
Bastiansen, Det 8. Nordiske Kjemikermfte. Beretning 
og Foredrag., 1954, 139; O. Bastiansen, O. Hassel and 
E. Risberg, Acta Chem. Scand., 9, 232 (1955). 

14) I. L. Karle and J. Karle, J. Chem. Phys., 17, 1052 
(1949); J. Karle and I. L. Karle, ibid., 18, 957 (1950); I. 
L. Karle and J. Karle, ibid., 18, 963 (1950). 

15) H. J. Yearian and W. M. Barss, J. Appl. Phys., 
19, 700 (1948). 

16) L. O. Brockway and L. S. Bartell, Rev. Sci. Instr., 
25, 569 (1954). 

17) F. A. Keidel and S. H. Bauer, J. Chem. Phys., 25, 
1218 (1956); R. B. Harvey, F. A. Keidel and S. H. Bauer, 
J. Appl. Phys., 21, 860 (1950). 

18) C. Romers and J. E. G. Creutzbergs, Recucil trav. 
chim., 75, 331 (1956). 

19) T. Ino, J. Phys. Soc. Japan, 8, 92 (1953). 

20) Y. Morino, M. Kimura and M. Iwasaki, The Sixth 
Annual Meeting of the Chemical Society of Japan (1953). 
21) K.H. Steigerwald, Optik, 5, 459 (1949). 


apparatus™ used in this study was designed and 
constructed after the example of Ino’s apparatus 
and some device was made for the treatment of 
gaseous samples. 

Figs. 1 and 2 show the external appearance and 
the sectional drawing of the electron diffraction 
unit, respectively. It consists of four parts: an 
electron gun, a collimating system, a specimen 
chamber and a diffraction chamber. Cylinders 
made of permalloy were used for shielding elec- 
tron beams from the external magnetic field. 
The electron gun was of a hot cathode type, 
consisting of a filament, a Trichter?» biasing 
cup and an anode. The divergent beam from the 
gun was focused on the plane of photographic 
plates by a single magnetic lens. The direction of 
the beam was precisely controlled and adjusted 
to the center of the sector by means of two 
pairs of Helmholtz coils which are set at a right 
angle to each other. Two ports are provided 
for introducing specimens into the electron beam, 
one at 125mm. and the other at 285mm. from 
the photographic plate. The shorter distance is 
suitable for studies on moderate and wide-angle 
scatterings, 20 < q < 105, and the longer distance 
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Fig. 3. Sectional drawing of a specimen 
injection system. 
1. body of a diffraction unit, 2. liquid 
air, 3. cold trap, 4. electron beam, 5. 
nozzle, 6. rubber packing, 7. cross 
leader, 8. Wilson seal, 9. ball, 10. screw 
for adjusting the position of the nozzle, 
11. nob, 12. needle valve, 13. needle, 
14. screw for adjusting the inlet pres- 
sure, 15. sample. 


is useful for examination of small angle scatter- 
ing, 7<q< 45. The system of specimen injec- 
tion is shown in Fig. 3 and the nozzle of a drum 
type is used. At first sight, it seems likely that 
in the nozzle of this type the spreading of sam- 
ples is rather large and so the multiple and ex- 
traneous scatterings are serious. However, in 
practical use, a nozzle of this type makes it 
possible to take very clean diffraction patterns 
in lower inlet pressure of gas than that in the 
case of a nozzle of the ordinary type. Even if 
the inlet pressure of gas is sufficiently low and 
the cold trap is used, the diffraction patterns 
obtained have an index of resolution of 0.95~ 
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1.00; that is, the ratio of the amplitude of the 
molecular scattering terms to the magnitude of 
the smooth background upon which the molecular 
terms are superposed is 0.95~1.00 times that 
given by theory for a perfect pattern. The inlet 
gas pressure can precisely be controlled by a 
needle valve having a mildly tapered needle. 
The spreading gas is caught by using the cold 
trap which consists of three-fold concentric 
cylinders. The stop valve which is set behind 
the magnetic lens permits the electron gun to 
be isolated from the other parts of the apparatus 
and to keep it evacuated in placing photographic 
plates as well as in altering the nozzle-to-plate 
distance. The wavelength of the electron beam 
is determined by means of a gold foil attached 
to the nozzle. The sector which has a spiral 
form with an angular opening increasing as the 
square of the radius* is provided because 
this form is somewhat more profitable than the 
heart form with respect to the accuracy of 
figuring and finish. The sector is mounted on 
the inner race of a ball bearing of phosphor 
bronze, which is rotated by a power supply in- 
troduced into the vacuum space through a Wilson 
seal and transmitted by a pulley and a phosphor 
bronze wire. The fluorescent screen placed in 
front of the sector assembly makes it possible 
to observe the diffraction patterns in their innate 
state without replacing the sector. Moreover, 
it serves as a shutter of the electron beam. 

The experimental procedure and the method 
for deriving the molecular scattering intensity 


‘from diffraction data has been already described 


in previous papers*?-25), 


Results 


The detailed description of the analysis 
has already been reported in this Bulle- 
tin®’*-°*. Only the results are briefly des- 
cribed in this paper. 

The experimental and the theoretical in- 
tensity curves are reproduced in Fig. 4, and 
the radial distribution curves derived from 
the experimental intensities are shown in 
Fig.5. The molecular parameters obtained 
by the radial and the correlation method 
are listed in Tables Iand II. In all cases, 
the analyses were made on the assumption 
that the structural frame of molecules 
does not change with rotation about the 
C—C bond. In the case of a CF.,CI—CFCIl, 
molecule, the C—C distance and the bond 
angles for the two halves of the molecule 
were assumed to be equal to those of 
CF.CI-CF.Cl and CFCl,-CFCl., respectively. 


22) At present, an r’-sector constructed by S. Shibata 
is available as well as an r?-sector. S. Shibata, Sympo- 
sium on the X-ray and electron diffraction held in Osaka 
City University, Nov. 1956. 

23) M. Iwasaki, S. Nagase and R. Kojima, This Bul- 
letin, 30, 230 (1957). 

24) M. Iwasaki, ibid. 31, 1071 (1958). 

23) M. Iwasaki, ibid. 32, 194 (1959). 
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TABLE I 
THE MOLECULAR PARAMETERS FOR CF.CI-CF:;Cl, CFCl,-CF:Cl AND CFCl.-CFCl. 
CF:,C1-CF-:Cl CFCl.-CF:Cl CFC1,.-CFCI: 
= — 1.325 0.01, — 
C—F (A) 1.33)+0.01s 1137.40.02, 1.38 +0.02 
‘ e 1.74;,+0.02; a 
C—C1(A) 1.74; +-0.01; 1.75,+0.02, 1.76 +0.01 
c—c(A) 1.54 +0.04 1.539(*) 1.54 +0.06 
. 
/CCCI 112 41.5 ia ve 112 +2 
_— 5 108° (*) 70s) 
Z.CCE 108 +1.5 107°05' (*) 107°05 
aval 110° (*) 7 fc ec 
ZFCCI 110 +1 107.5°(*) 107.5+41.5 
ZFCF 108°44' 108°44' (*) 
Z.CICCI 110.5°(*) 110.541 
(*): Assumed 
TABLE II 
OBSERVED MEAN AMPLITUDES FOR CF,CI-CF:;Cl, CFCl.-CF:Cl AND CFCl.-CFCI. 
CF.CI1-CF:Cl CFCl,-CF-.Cl CFC1,-CFCI. 
C—F 0.052A 0.055;A 0.064A 
C—Cl 0.061 0.054 0.062 
C—C 0.045 0.041, 
(F---Cl); 0.062 0.063, 0.070 
(Cl---Cl); 0.088 0.069; 0.081 
The mean amplitudes were not determined Fig. 6. In all cases, the trans (or C,) 


except the values listed in Table II and 
the values estimated from the _ spectro- 
scopic data and other electron diffraction 
data were used throughout these analyses. 

The energy difference between the 
rotational isomers and the azimuthal 
angles of the gauche form in these three 
molecules are listed in Table III and the 
stable configurations are shown in Fig. 6. 
In the case of the CF.CI-CFCI. molecule, 
the configuration having the C; symmetry 
is called the C,; form and that having no 
symmetry the gauche form as shown in 


| MRR~ PN 


ig VAAN Varo WN 














L — + 4 —h + A + 
2 40 60 80 100 
q 
Fig. 4. Experimental and theoretical in- 


tensity curves. 


form was assumed to possess the Cy (or 
C;) symmetry but the azimuthal angle of 
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Radial distribution curves. 


Fig. 5. 
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TABLE III 
THE ENERGY DIFFERENCE BETWEEN THE ROTATIONAL ISOMERS AND THE AZIMUTHAL ANGLE 
OF THE GAUCHE FORM FOR CF-.CI-CF.Cl, CFCl.-CF:Cl AND CFCl.-CFCle 


Molecules Stable form Ng(%) sailed ee 
CF.CI-CF:Cl trans (Cop) 48+ 5 (10°C) 440+110 62.5+3° (Cl-C-C-Cl) 
CFC1,-CF;Cl gauche (C;) 76+ 7 (20°C) — 270+250 59.5+3.5°(C1-C-C-Cl) 
CFCl,-CFCl, trans (Cop) 55+10 (15°C) 280 + 240 59 +4° (F-C-C-F) 


Ng: Amount of the gauche form. 


AE: Energy difference between the isomers. 4E=E,—£E; (or Ec,) 


the gauche form was taken as an unknown 
parameter. The amounts of the rotational 
isomers were obtained from the area 
under the radial distribution peaks by 
using the successive approximation and 
further confirmation was made by analyz- 
ing the small angle scattering (20< q < 40) 
that was precisely measured by use of 
the long camera length. The azimuthal 
angle of the gauche form was also deter- 


CF2CI-CF2CI 





trans ( Cp) 
CFCI-CFC lg 





Fig. 6. 


Stable configurations. 


mined by the analysis of the radial dis- 
tribution curve and the small angle scat- 
tering (20<q< 40). 


Discussion 


Bond Distances and Bond Angles.—The 
shortening of the C—X bond (X=halogen 
or carbon atom) by the substitution of 
hydrogen atoms in H;C—X compounds 
with fluorine atoms was a historical pro- 
blem which has been stimulating many 
investigators working in the field of 
electron diffraction and microwave spec- 
troscopy. Brockway and Livingston’ 
have first reported this shortening for 
many fluorinated hydrocarbons from the 
results of visual electron diffraction. On 
the other hand, Bauer’? doubted whether or 


’ not this shortening was real, because of the 


great ambiguity inherent to visual electron 
diffraction. Thereafter, the development 
of microwave spectroscopy and the sector- 
microphotometer method of electron dif- 
fraction revealed that this shortening was 
real in the case of carbon-halogen bonds, 
although the magnitude of this shortening 
was somewhat smaller than that reported 
by Brockway and Livingston. 

In the series in question, it was shown 
that the C—F bond distance decreased 
with the number of fluorine atoms at- 
tached to one and the same carbon atom, 
i.e., in a —CFCl. group the C—F bond 
distance is 1.38A and in a —CF.Cl group 
it is 1.33A. These results coincide with 
the results of other organic fluorine com- 
pounds as shown in Table IV. The value 
of 1.38A for CFCl,-CFCl. coincides with 
those of the groups having a single fluorine 
atom attached to one and the same carbon 
atom. The value of 1.33,A for CF.CI-CF.Cl 
seems to be slightly shorter than that for 
the group having two fluorine atoms at- 
tached to one and the same carbon atom, 


26) L. O. Brockway and R. Livingston, U. S. Naval 
Research Lab. Project M-510, Report No, 547.1. XA 
C-R-1080, A-3786. 
27) S. H. Bauer, U. S. Atomic Energy Com, Report, 
MDDC 1494 (1947). 
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TABLE IV 
THE MOLECULAR STRUCTURES OF SOME FLUORINATED HYDROCARBONS 


Compounds C—F(A) C—C1(A) Other structure parameters Method Ref. 
CH,F 1.385 Z.HCF =110°0' MW a 
CH.CIF 1.378 +0.006 1.759+0.003 /FCCI=110°01' +2’ MW b 
CHC1.F 1.41 0.03 1.73 +0.04 Z.CICCI=112°+2°, ZFCCI=10.9°+2 V c 
CC1,F 1.40 £0.04 1.76 40.02 /CICCI=111.5°+1°, /FCCI=107.5°+1 V c 
C(CHsg) 3F 1.38 +0.02 Z.CCF =108°+1.5 S d 
CH,CH.F 1.375 / CCF =109 28' (assumed) MW e 
CHF», 1.358 + 0.001 Z_FCF = 108°17' +6' MW f 
CHCIF, 1.36 +0.03 1.73 0.03 ZFCF=110.5°+1°, ZFCCI=110.5 1 V c 
CCI.F2 1.35 +0.03 1.74 +0.03 ZFCF=109°+2°, ZCICCI=113°+2 V 

1.33, £0.02 1.77;+0.02 /FCF=109.5°+3°, /ZCICCI=108.5° +2 Veg 
CHF, 1.332 —0.008 Z_FCF = 108° 48’ + 45’ MW h 
CCIF 1.328 +0.002 1.751 -0.004 / FCF =108.6° +0.4 S i 

1.328+-0.002 1.748.0.009 /FCF-108.6 +0.4° (assumed) MW i 
CH,CF 1.335 -0.005 C—C =1.530+0.005, “CCF =111°2’+17' MW j 
CF;CF; 1.32 +0.01 Z.CCF =109.5°+1.5 S k 
CF, 1.323 + 0.005 S l 


MW: microwave, V: visual, S: sector 

a) O. R. Gillam, H. D. Edwards and W. Gordy, Phys. Rev., 75, 1014 (1949). 

b) N. Muller, J. Am. Chem. Soc., 75, 860 (1954). 

c) L. O. Brockway, J. Phys. Chem., 40, 747 (1936). 

d) F. Andersen, J. R. Andersen, B. Bak, O. Bastiansen, E. Risberg and L. Smedvik, 
J. Chem. Phys., 21, 373 (1953). 


e) J. Kraitchman and B. P. Dailey, ibid., 23, 184 (1955). 
f) D. R. Lide, J. Am. Chem, Soc., 74, 3548 (1952). 
g) R. L. Livingston and R. H. Lyon, J. Chem. Phys., 24, 1283 (1956). 


L 

h) S. N. Ghosh, R. Trambarulo and W. Gordy, ibid., 20, 605 (1952). 

i) L.S. Bartell and L. O. Brockway, ibid., 23, 1860 (1955). 

j) W. F. Edgell, ibid., 16, 1002 (1948). 

k) D. A. Swick and I. L. Karle, ibid., 23, 1499 (1955). 

1) L. O. Brockway, C. G. Thornton and L. S. Bartell, Am. Chem. Soc. Meeting, 
Los Angeles, California, March 1953. 





but the difference is inappreciable in view 
of errors involved in experiments. 

On the other hand, although the in- 
accuracies of the data do not permit us 
to draw a definite conclusion, it appears 
to be likely that the C—Cl distance also 
decreases with the number of fluorine 
atoms. Recently, Livingston and Lyon”? 
reported a slightly greater value 1.77;A 
for the C—Cl distance in CF-.Cl, in dis- 
agreement with the present value, although 
the difference is within experimental 
errors. Their result seems to be related 
to the fact that the CICCl bond angle 
108.5°, obtained by them, is slightly shorter 
than the tetrahedral value, 109.5°. In this 
connection, it is desirable to determine 
the C—C] distance in CF.Cl, by the sector- 
microphotometer method or the microwave 
spectroscopy. The value of the C—Cl 


28) R. L. Livingston and D. H. Lyon, J. Chem. Phys., 
24, 1283 (1956). 


distance determined for the extreme case 
of a CCIF; molecule in which three atoms 
except one chlorine atom were replaced 
by fluorine atoms was _ reported to be 
1.748A*°° from the microwave spectros- 
copy and 1.751A°*” from the sector-micro- 
photometer method of electron diffraction. 
In the case of a CF.,CI-CF.Cl molecule 
having two fluorine atoms attached to one 
and the same carbon atom, the C—Cl bond 
distance was found to be slightly shorter 
than the extreme value, the difference 
being also within experimental errors. 
With regard to the C—C bond distance, 
although a definite conclusion could not 
be drawn because of the greater ambiguity 
of the data, experimental results could be 
explained by the normal distance of the 
C—C bond. It is not likely that such a 


29) D.K. Coles and R.H. Hughes, Phys. Rev., 76, 858(1949). 
30) L. S. Bartell and L. O. Brockway, J. Chem. Phys., 
23, 1860 (1955). 
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large shortening as reported in earlier 
investigations was realized in the present 
molecules. 

With respect to bond angles, it is to be 
noted that the FCF angle is less than the 
tetrahedral value, in agreement with 
recent determinations on other fluorinated 
hydrocarbons. This is interesting together 
with the fact that the decrease in the 
FSiF angle from the tetrahedral value 
was also reported in the case of organo- 
silicon compounds. For example, the FSiF 
angle is 108°17'+30' for SiHF;* and 107°56’ 
+6’ for SiH.F.°”. Other bond angles are 
also consistent with the values found in 
other related molecules. 

Such a shortening of the carbon-halogen 
bond was originally explained by Pauling*” 
by the assumption of resonance structures 
of the type 

F 

X—C =xX* (X=F or Cl) 

L 
The fact that the C—F shortening is more 
marked than the C—Cl shortening is 
attributed to the great tendency of a 
fluorine atom to form double bonds. It 
is conceivable that the structures of this 


type can also contribute to the slight . 


closing of the FCF angle because of the 
Coulomb attraction between F~ and F*. 

Rotational Isomerism.—From the present 
studies, it was definitly confirmed that 
there exist two isomers, the trans (or 
C;) and the gauche forms, in the vapor 
state for the series of the molecules in 
question. As shown in Table III the 
energy differences were almost of the 
same magnitude and considerably small 
compared with the remarkable variation 
and large values (except CHCl.—CHC1,) 
observed in the series of chloroethane: 
CH.-CI-CH.Cl (1.2 kcal./mol.), CHCl.-CH.Cl 
(2.9 kcal./mol.) and CHCl.-CHCl, (0 kcal. 
mol.). It is said that the internal rotation 
is subject mainly to the steric and electro- 
static interactions. According to the re- 
placement of a hydrogen atom with a 
fluorine atom, the nature of three atoms 
contained in two groups rotating against 
each other is more close together in both 
““steric’’ and ‘‘electrostatic’’ senses as 
compared with the case of chloroethanes. 
As a concequence of this circumstance, it 
is likely that the potential energy of the 
31) G. A. Heath, L. F. Thomas and J. Sheridan, Trans. 
Faraday Soc., %, 779 (1954). 

32) V. W. Laurie, J. Chem. Phys., 26, 1359 (1957). 


33) L. Pauling, ‘‘ The Nature of the Chemical Bond”’, 
Cornell University Press, Ithaca, N. Y., 1945, p. 235. 


trans (or C;) form becomes nearly equal 
to that of the gauche form. It was re- 
ported by Miyagawa’ that the replace- 
ment of a hydrogen atom with a methyl 
group in chloroethanes gave no serious 
decrease of the energy difference between 
the isomers and did not affect the tendency 
of the change in the energy differences 
with the number of chlorine atoms sub- 
stituted in the molecules, although a 
methyl group having almost the same 
van der Waals’ radius as a chlorine atom 
was introduced. Moreover, a fluorine 
atom may be closer to a hydrogen atom 
in the magnitude of the steric interaction 
than a chlorine atom, because the poten- 
tial barrier of CF;-CF;, 3.92 kcal./mol.* 
is close to that of CH;-CH;, 2.875 kcal./ 
mol.’ as compared with the value in 
CCl;-CCl;, 10.8 kcal./mol.*°%. Accordingly, 
the main factor contributing to this lower- 
ing of energy difference in fluorochloro- 
ethane is presumably due to the decre- 
ment of the electrostatic interaction rather 
than the steric interaction. In fact, it is 
well known that the bond moment of C—F 
is approximately equal to that of C—Cl. 

From a simple assumption of the 
additivity of interaction energy and the 
constancy of the bond distances as well 
as bond angles, it is expected that the 
energy differences are all the same in the 
series of 1,2-di-, 1,1,2-tri- and 1,1,2,2- 
tetrasubstituted ethanes. However, the 
observed energy differences in chloro- 
ethanes were not the same and indicated 
a remarkable variation which was ex- 
plained by the induction effect and the 
opening of the CICCl bond angle” as des- 
cribed in foregoing section. In the series 
of chlorofluoroethanes, the changes of the 
energy difference caused by the effect of 
induction are very small and the CICCl 
bond angles are close to the tetrahedral 
angle. As a result of this circumstance, 
it appears to be likely that the energy 
differences in the present series represent 
almost the same value. 

From the theoretical side, many attempts 
have been made to predict the hindering 
potential for the internal rotation about 
single bonds, based on a simple model 
for interactions between non-bonded atoms 
or groups. Among a number of attempts, 
the treatments recently made with toler- 
able success by Miyagawa’ and Mason 


34) D. E. Mann and E. K. Plyler, J. Chem. Phys., 21, 


1116 (1953). 

35) K. S. Pitzer, Disc. Faraday Soc., 10, 66 (1951). 

36) Y. Morino and E. Hirota, J. Chem. Phys., 28, 
185 (1958). 








212 Machio IWASAKI [Vol. 32, No. 3 
TABLE V 
OBSERVED AND CALCULATED ENERGY DIFFERENCES (Kkcal./mol.) 
Lennard-Jones Buckingham 
Molecule AEovs JE. 
4E; 4 Evora AE; AE vorat 
CF,C1-CF,Cl 0.44 0.15 0.10 ( 0.00) 0.05 ( 0.15) 0.30 0.45 
CFC1,-CF,Cl 0.27 0.17 0.15 ( 0.05) —0.02 (—0.12) —0.20 —0.37 
CFC1,-CFCl, 0.28 0.15 0.25 (—0.13) —0.10 ( 0.02) —0.05 0.10 
JE=E,—E; (or Ec,) 
TABLE VI 
OBSERVED AND CALCULATED AZIMUTHAL ANGLE OF THE @AlV0HE FORM 
Molecule dobs Pecaic (1) Pcatc (IT) 
CF;CI-CF:.Cl 117.5 118° (119°) 116° 
CFC]I,-CF,Cl 122 123 (122 ) 124 
CFC1,-CFCl, 121 120 (120 ) 118 


Gcaic(1): Lennard-Jones 
Gcaic(I1): Buckingham 


and Kreevoy” seem to be most promising. 
The former author used a Lennard-Jones 
type potential while the latter a modified 
Buckingham type potential for interatomic 
interactions. 

In order to estimate quantitatively the 
energy differences, a similar treatment 
was applied to the present case. The 
Lennard-Jones type potential for fluorine- 
fluorine interaction was approximated by 
the following formula for neon-neon in- 
teraction’”, 


V(F—F) =7.148 x 10'/r? 
-143.58 x r® kcal./mol. (1) 


The application of this formula leads to 
the value of 2.4 kcal. mol. for the potential 
barrier in CF;-CF,;, minor terms due to 
dipole interaction being added. Though 
this value is somewhat smaller than the 
observed value 3.92 kcal./mol.*”, the two 
values seem to coincide roughly with 
each other for such approximate calcula- 
tion. The formula applied by Miyagawa” 
to chlorinated ethanes with a fair success, 


V(C1—Cl) = 2.332 x 10°/r'” 

2.180 x 10*/r*® kceal./ mol. (2) 
was adopted for chlorine-chlorine interac- 
tion. The expression for fluorine-chlorine 
interaction was derived through the 


method of averages proposed by Miya- 
gawa” as follows: 


V(F—Cl) =4.185 x 10°/9!? 
~5.663 x 10’/r° kcal./mol. (3) 
As a result of the application of these 


formulas, the values listed in the 4th 
column of Table V were obtained for the 


37) J. Corner, Trans. Faraday Soc., 44, 914 (1948). 


energy differences due to steric interaction. 

For the sake of comparison, the modified 
Buckingham type potential given by Mason 
and Kreevoy” was also applied to this 
problem. The results are listed in the 
8th column of Table V. 

With respect to the electrostatic in- 
teraction, dipole interactions were calcu- 
lated taking into account of induction 
effects. For the sake of this computation, 
the following induced moment’ were 
estimated from the observed dipole mo- 
ments in many chlorofluoroalkanes, as- 
suming a vanishing C—H bond moment 
and the tetrahedral angle. 


. . F Oo . 
Cl, a << Y ] r SS yy ] 
= —= a : C—C aie 7 
7 )22 —— , EE 
> FL V0-F 
Chae yet Se wy 
C=C 882 Sc—c eo 

ae a ez A, ene 

Z 024 “C) = < "e 


The thick and slender arrows indicate 
original dipoles and induced dipoles, re- 
spectively. The dipole moments calculated 
on the assumption of the additivity of 
these induced moments were in _ good 
agreement with the observed values as 
shown in Table VII. 

The energy differences contributed from 
the electrostatic interactions were esti- 
mated using these dipoles and induced 
dipoles as shown in the 3rd column of 
Table V. In this calculation, the center 
of the dipole moment is located at seven- 
eighth of the bonded distance from the 
carbon atom. Total energy differences listed 
in the 6th and the 9th column of Table V 
approximately coincide with the observed 


oh beet ot Ge 


i a i el ie 
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TABLE VII 
CALCULATED AND OBSERVED DIPOLE MOMENTS IN CHLOROFLUOROALKANES (VAPOR STATE) 
Molecule e(calc.) e(obs.) Ref. Molecule p(calc.) u(obs.) Ref. 
CH3F 1.81 1.81 a CH;CF;Cl 2.16 2.14 n 
CH;Cl 1.87 1.87 b,c,d CH;CF; 2.33 2.32 d 
CH2F2 1.97 1.96 e (CH3)3CF 2.05 2.05 °o 
CHF; 1.61 1.62 f CF;CHF2 1.58 1.54 f 
= (1.645) (g) CF;CF:Cl 0.51 0.52 f 
CH:Cl, 1.63 1.62 h CH;CH.Cl 1.96 2.03 p 
CHCl; 0.97 0.95 i CH;CHCI, 2.01 2.07 j 
CFCl; 0.44 ey : pansies sep np 
CF.Cl. 0.52 0.51 k (CH3)3CCl, 2.15 2.33 q 
(0.55) (1) CH.CICCl1, 1.39 1.39 r 
CF;Cl 0.46 0.46 f CHCI1,CC1; 0.89 0.92 r 
CHFCl, 1.20 1.29 k (CH;CICH2F),¢ 2.64 2.64 n 
CHF:Cl 1.41 1.39 k —* 
CH,CH.F 1.90 1.92 ra rene 2.10 n 
CH,CHF, 2.28 2.24 m dite 
a) C. P. Smyth and K. B. McAlpine, J. Chem. Phys., 2, 499 (1934). 
b) O. Fuchs, Z. Physik, 63, 824 (1930). 
c) R. Karplus and A. H. Sharbaugh, Phys. Rev., 75, 1449 (1949). 
d) R. G. Shulman, B. P. Dailey and C. H. Towes, ibid., 78, 145 (1950). 
e) D. R. Lide, ibid., 87, 227 (1952). 
f) A. D. Giacomo and C. P. Smyth, J. Am. Chem. Soc., 77, 774 (1955). 
g) J. N. Shovlery and A. H. Sharbaugh, Phys. Rev., 82, 95 (1951). 
h) R. J. Myers and W. D. Gwinn, J. Chem. Phys., 20, 1420 (1952). 
i) R. Sanger, Physik. Z., 27, 556 (1926). 
j) A. A. Maryott, M. E. Hobbs and P. M. Gross, J. Am. Chem. Soc., 63, 659 (1941). 
k) C. P. Smyth and K. B. McAlpine, J. Chem. Phys., 1, 190 (1933). 
1) G. W. Epprecht, Z. angew. Math. Physik., 1, 138 (1950). 
m) J. H. Gibbs and C. P. Smyth, J. Am. Chem. Soc., 73, 5115 (1951). 
n) A. D. Giacomo and C. P. Smyth, ibid., 77, 1361 (1955). 
o) F. Andersen, J. R. Andersen, B. Bak, O. Bastiansen, E. Risberg and L. Smedvik, 
J. Chem. Phys., 21, 373 (1953). 
p) R. Sanger, O. Steiger and K. Gachter, Helv. Phys, Acta, 5, 200 (1932). 
q) R. H. Wiswall, Jr. and C. P. Smyth, J. Chem. Phys., 9, 356 (1941). 
r) J. R. Thomas and W. D. Gwinn, J. Am. Chem. Soc., 71, 2785 (1949). 
values. The modified Buckingham type agreement with observed values as shown 


potential seems to give somewhat better 
results. However, if two constants in 
Lennard-Jones type potential are adjusted 
so as to give observed potential barrier 
in CF;-CF;, the agreement between the 
calculated and observed energy differences 
becomes better as shown in the 7th column 
of Table V. The modified potential func- 
tions used in this calculation are as 


follows: 
V(F—F) =12.729 x 10'/r'2 
— 2.5569 x 10?/r® kcal./mol. (4) 
V (F—Cl) =5.5839 x 105/712 
7.5965 x 10?/r® kcal./mol. (5) 


It is to be noted that the azimuthal 
angles of the gauche forms calculated from 
these potential functions are in excellent 


in Table VI. In this calculation, the 
angle was measured from the trans (or C;) 
position. This agreement may indicate 
that the potential functions used were 
fairly adequate. 

In the above calculation, the effects of 
resonance arising from the substitution 
with fluorine atoms were not included 
explicitly. However, the changes of the 
geometry caused by resonance were con- 
sidered to be implicitly taken into account 
by using the molecular parameters 
obtained from the electron diffraction. 
Furthermore, the changes of the charge 
distribution were also considered to be 
implicitly contained in the estimation of 
the induced moment as a result of ascrib- 
ing the lowering of the dipole moment 
caused by resonance to that by induction. 
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From the foregoing consideration, it is 
concluded that the substitution of hydro- 
gen atoms in chlorinated ethanes with 
fluorine atoms decreases the difference 
of the electrostatic interaction between 
the trans (or C;) and the gauche form, and 
that as a consequence the energy differ- 
ences in fluorochloroethanes decrease and 
become almost equal to one another irres- 
pective of the number of chlorine atoms 
substituted in the molecules. This fact is 
consistent with the conclusion reached by 
Mizushima, Morino and Shimanouchi*’ 
that the most important force in deter- 
mining stable configurations of rotational 
isomers is the steric repulsion, but the 
electrostatic force plays an important 
role in determining the energy difference 
between the rotational isomers, because 
in the stable configurations the steric re- 
pulsive force may become of the same 
order of magnitude as the electrostatic 
force. 


TABLE VIII 
THE ENERGY DIFFERENCES FOR RELATED 
COMPOUNDS (cal./mol.) 


Molecule X=H X=F Difference 
CX,Cl-CX,Cl 1140 440 700 
CX:Cl-CX.Br 1460 600 860 
CX.Br-CX.Br 1700 945 755 


As an example of the lowering of the 
energy difference caused by the fluorine 
substitution, one can point out the case 
of bromofluoroethanes studied by Kagarise 
et al.; that is, the energy difference in 
CF.Br-CF.Br is 945-++50 cal./mol.*? and that 
in CF.CI-CF.Br is 600+200cal./mol.’” as 
compared with the value of 1700+40cal. 
mol. for CH.Br-CH.Br‘» and 1460+30 cal. 
mol. for CH,Br-CH.Cl'”. It is interesting 
to note that the lowering of energy differ- 
ence caused by the fluorine substitution 
shows almost the same value as shown 
in Table VIII. In other words, this fact 
indicates that the electrostatic part of 
the energy difference in these molecules 
is of almost the same magnitude as 0.7~0.8 
kceal./mol. This is caused by the fact that 
the C—F, C—Cl and C—Br bond moments 
are of almost the same magnitude. More- 
over, the order of the energy differences 


38) S. Mizushima, Y. Morino and T. Shimanouchi, FA 
Phys. Chem., 56, 324 (1952). 

39) R. E. Kagarise and L. W. Daasch, J. Chem. Phys., 
23, 130 (1955). 

49) R. E. Kagarise, ibid., 26, 380 (1957). 

41) K. Kuratani, T. Miyazawa and S. Mizushima, ibid., 
21, 1411 (1953). 
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in the series of CH.Cl CH.Cl, CH.Cl-CH.Br 
and CH .Br-CH.-Br does not change with 
the fluorine substitution and a considerable 
amount of the energy difference exists 
after the fluorine substitution. This 
fact indicates that the steric part cannot 
be neglected and its contribution becomes 
larger with the number of bromine sub- 
stitutions. 


Summary 


In order to investigate the molecular 
structure and rotational isomerism, the 
electron diffraction camera having a 
rotating sector was designed and con- 
structed and its application to some 
fluorochloroethanes was made successfully. 
The shortening of the C—F and the C—Cl 
bond by the substitution of atoms attached 
to one and the same carbon atom with 
other fluorine atoms was also revealed in 
fluorochloroethanes as well as fluorochloro- 
methanes, although in the case of the C—Cl 
bond distance the inaccuracy of the data 
does not permit a definite conclusion to 
be drawn. It was definitly confirmed 
that there exist two rotational isomers, 
the trans (or C;) and the gauche forms, 
in the vapor state for the molecules in 
question. The energy differences between 
the isomers and the azimuthal angles of 
the gauche form were determined and 
further discussed from the standpoint of 
intramolecular potential. 

It was found that three fluorochloro- 
ethanes in question have almost equal and 
small energy differences in contrast to 
the remarkable variation in the case of 
chloroethanes. This is caused by the 
fluorine substitution which produces the 
decrease of the electrostatic part in the 
energy difference between the isomers. 
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Kinetics of the Selenium Dioxide-Catalyzed Hydrogen Peroxide 
Oxidation of Dimethylaniline in Aqueous Methanol 


By Yoshiro OGATA and Iwao TABUSHI 


(Received August 23, 1958) 


It has been reported that the oxidation 
of organic compounds with hydrogen 
peroxide was accelerated by selenium 
dioxide catalyst'-», but the mechanism 
of these reactions has not yet been 
clarified satisfactorily. 

In general, there seem to be two main 
types of catalysts in organic oxidations 
with hydrogen peroxide; i. e., (i) the 
oxidation-reduction interaction between 
hydrogen peroxide and catalysts produces 
OH free radical, (e. g., in Haber-Weiss 
scheme” using Fenton’s reagent) which 
can rapidly oxidize organic substances, 
and (ii) the combination of hydrogen 
peroxide with a catalyst gives peroxide 
as a relatively stable intermediate which 
is a more active oxidizing agent than 
hydrogen peroxide itself. 

As the latter example, there are many 
organic and inorganic peroxides which 
oxidize organic substances without 
generating free radicals; for example, in 
the acid-catalyzed hydrogen peroxide 
oxidation of salicylaldehyde in acetic acid, 
intermediary peracetic acid reacted faster 
than hydrogen peroxide itself”, and also 
Caro’s acid, obtained from the reaction 
of hydrogen peroxide and sulfuric acid”, 
was found to be a far more effective 
oxidant for tertiary amines than hydrogen 
peroxide itself’. 

As to the selenium dioxide-catalyzed 
reaction, there seems to be no direct 
evidence to decide which of these mecha- 
nistic types is operating. However, it 
has been reported that acrolein is oxidized 
to acrylic acid with neither hydroxylation 


1) C. W. Smith and R. T. Holm, J. Org. Chem., 22, 
746 (1957). 

2) G.B. Payne and C. W. Smith, ibid., 22, 1680 (1957). 

3) P. Seguin, Compt. rend., 216, 667 (1943). 

4) C. Walling, ‘‘Free Radicals in Solution”, John 
Willey & Sons, Inc., New York, 1957, p. 566. 

5) Y. Ogata and I. Tabushi, This Journal. 

6) J.M.Monger and O. Redlich, J. Phys. Chem., 60, 
797 (1956). 

7) E. Bamberger and L. Rudolf, Ber., 35, 1082 (1902). 

8) The rate constant in the neutral aqueous solution 
for Caro’s acid oxidation of DMA is 10’ times larger 
than that of hydrogen peroxide of triethylamine (S. D. 
Ross, J. Am. Chem. Soc., 68, 1484 (1946)). 


nor polymerization, suggesting a non- 
radical mechanism for the reaction. But 
these peroxide intermediates may react 
by generating free radicals. For example, 
it has been considered that osmium, 
vanadium” and tungsten oxide’” produced 


intermediary peroxides which could 
generate an OH radical during their 
reactions. 


The present paper describes the rate 
data and a probable mechanism of the 


selenium dioxide-catalyzed hydrogen 
peroxide oxidation of dimethylaniline 
(DMA) in aqueous methanol in the 


presence of perchloric acid. 


Experimental 


Materials.—DMA and methanol were purified 
by duplicate fractional distillations. 

Kinetic Procedures.— The reaction was 
carried out in brown flasks with ground-glass 
stoppers at 40, 50 and 60° (reflux condensers 
were used for runs at 60°). The solvent used 
was 50~90 volume % aqueous methanol. 

An aqueous methanol solution of DMA was 
mixed with an aqueous solution of hydrogen 
peroxide, selenium dioxide and perchloric acid 
after being thermostated at the reaction tempera- 
tures, thus the reaction was started. Aliquots 
were withdrawn at appropriate intervals of time 
to estimate the sum of the amount of selenium 
dioxide and hydrogen peroxide iodimetrically, 
using ammonium pyrophosphate as accelerator. 
Since no selenium was precipitated in the course 
of the reaction and the rate of selenic-acid 
formation was slow and also equilibrium amounts 
of intermediate complex were low as stated later, 
the amount of hydrogen peroxide was obtained 
as the difference of total oxidizing agents and 
the selenium dioxide initially present. 

The hydrogen-peroxide content in a mixture 
of hydrogen peroxide and selenium dioxide was 
determined by introducing it into an aqueous 
solution of ceric sulfate and then titrating the 
excessive ceric ion potentiometrically with ferrous 
sulfate!! '%, But this method could not be applied 


9) N.A. Milas, ibid., 59, 2342 (1937). 

10) G. A. Bogdonov and T. I. Berkengeim, Chem. 
Abstr., 49, 2842 (1955); Zhur. Fiz. Khim., 26, 1659 (1952). 
11) F. J. Hughes and D. S. Martin Jr., J. Phys. Chem., 
59, 410 (1955). 

12) H. H. Willard and P. Young, J. Am. Chem. Soc., 
52, 553 (1930). 
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in the presence of DMA, because a rapid TABLE Ii 
oxidation of DMA took place. THE EFFECT OF CONCENTRATION OF DMA 
Selenate and selenic acid were determined ON ky) AT 40, 50 AND 60 | 
gravimetrically by precipitating lead selenate ae j 
by the addition of aqueous lead nitrate! or Temp. 40 k i 
acetate’ in aqueous ethanol solution. [DMA] [HC1O,] [SeO.] k, min! [SeO2] 
Reaction Products.—-To examine the reaction M M M 0* ee 
products, nearly equimolar amounts of hydrogen 1, mole min” 
peroxide and DMA were used. A mixture of 5/30 2/30 1/750 4.74 0.356 
50 cc. of 1M methanol solution of DMA, 10cc. of 7.5/45 2/45 1/1125 3.39 0.382 
0.2 M aqueous solution of selenium dioxide, 6 cc. 6/45 2.4/45 1/1125 2.74 0.308 
of 30% aqueous hydrogen peroxide and 2cc. of 5/45 2.0/45 1/1125 2.10 0.236 
concentrated perchloric acid (ca. 10N) were in- 4/45 1.6/45 1/1125 1.97 0.222 
troduced into a flask with a reflux condenser 2 ah ied i 938 
and heated to 50° for 20hr. and then at 60° for 4/45 1.6/45 2/1125 4.25 9.2 
5 br. 2/45 0.8/45 2/1125 2.59 0.143 
After methanol was distilled on a water bath, Temp. 50 
the residual aqueous solution was treated with 5/30 2/30 1/750 9.02 0.676 
potassium hydroxide until it became weakly 7/45 2.8/45 1/1125 5.40 0.607 
basic. The solution was cooled and, after filtra- 6/45 2.4/45 1/1125 5.04 0.567 
tion of potassium perchlorate, freed from remain- ing za ea 
ing DMA (ca. 1g.) by extraction with ether. 5/45 2.0/45 1/1125 4.30 0.484 
The residual aqueous layer was neutralized 4/45 1.6/45 1/1125 3.40 0.382 
and condensed under a reduced pressure, then 3/45 1.2/45 1/1125 3.06 0.344 
poured into a boiling aqueous solution of picric 2/45 0.8/45 1/1125 2.16 0.243 
acid (10g. of picric acid in 200cc. of water) to 1/45 0.4/45 1/1125 1.60 0.180 
precipitate the picrate of DMA oxide’). The 
precipitate consisted of yellow crystals (10.7 g.) Temp. 60 
and brown amorphous material (2.5g.); the for- 8/45 3.2/45 1/1125 12.4 1.396 
mer, after several recrystalization from ethanol 6/45 = 2.4/45 1/1125 10.8 1.220 
showed no depression of m. p. on admixture with 5/45 2.0/45 1/1125 9.82 1.105 
the authentic sample’). The brown material was 4/45 1.6/45 1/1125 8.92 1.002 
also found to yield the same crystals but with 3/45 1.2/45 1/1125 7.55 0.850 
difficulty. rhe total yield of the oxide amounted 2/45 0.8/45 1/1125 6.30 0.709 
to 73% on the basis of the hydrochloride, ob- 1/45 0.4/45 1/1125 5.11 0.576 
tained on the addition of hydrochloric acid into . ‘ ~ : . 
the picrate of DMA oxide. 
Vinyl Polymerization. — DMA and _ peroxide Results and Discussion 
(hydrogen peroxide or benzoyl peroxide) and/or 
selenium dioxide were added in acrylonitrile, Rate Equations. — The rate of the sele- 


thermostated at 50° in flasks with ground-glass nium dioxide-catalyzed hydrogen peroxide 
stoppers, to start the reaction. After appropriate r = 
time, cold methanol was poured into the reaction | 














OB Ft i 1 
mixture to stop the reaction and to precipitate | i ” 
the polymer produced. The precipitates obtained 07F 
were filtered, dried and weighed. The results 
are summarized in Table VII. ‘ae | 
eli” j 
S04 
TABLE I ba 
THE EFFECT OF CONCENTRATION OF SELE- = sp 
| 
NIUM DIOXIDE ON ko: [DMA] =5/30 mM, 2+ 
[HC1O,] =2/30 M and [H:O.]=ca. 0.017 M o1t 
> et 
[SeO.], M ky, min™! 1 el (500s) - 100 200 300 100ini 
1/250 2.681073 0.670 Fig. 1. The effects of acidity and sub- 
i % ‘ sti ; lid lines corre- 
2/7 76> ; 0.660 stituent on the rate; so i 
_— a ” , aime spond to DMA, where [DMA] =5/30 M, 
1/700 9AEX DO = [SeO,] =1/750 M and [HC10,]: 1. 1/30 M, 
1/1500 4,37 10°* 0.651 2. 2/30M, 3. 4/30M, 4. 5/30M, 6. 4/3M; 


dotted line corresponds to p-methoxy- 
dimethylaniline where [amine] =2.25/30 
13) a) R. Ripan-Tilici, Z. Anal. Chem., 102, 28 (1935). M, [SeO.] =1/750M, [HC1O,] =1.6/30 Mm; 
b) P. Spaw, Bull. Soc. Chim. France, [5], 3, 159 broken line corresponds to p-methyldi- | 
=. methylaniline where [amine] =5/30M, 


14) E. B be and F. Tschi , Ber., 32, 342 
ee catia i [SeO.] =1/750 M, [HC1O,] =2/30 . 
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oxidation of DMA was much faster than 
the uncatalyzed reaction with selenium 
dioxide or hydrogen peroxide alone. The 
rate of consumption of hydrogen peroxide 
was of first-order with hydrogen peroxide 
(equation 1) as shown in Fig. 1. 


_ d[H.0:] 
dt 


The pseudo first-order rate constant k 
was found to be proportional to the con- 
centration of selenium dioxide, when the 
concentrations of DMA and perchloric acid 
were both kept constant (Fig. 2), while it 
was linearly related to the concentration 
of DMA in the range of 5/30~1/45m, when 
the concentration of selenium dioxide was 
constant and the apparent acidity of the 
solution estimated by pH meter was kept 
constant by changing the concentration of 
perchloric acid, where the ionic strength 


[7 


1 2 


- Ro [H,O») (1) 


10* (min~!) 





ky 





[H2SeO3] * 750 (mole 1.~!) 

Fig. 2. The effect of concentration of 
selenium dioxide on the rate; where 
[DMA]=5/30M and [HCI1O,] =2/30M at 
50°. 


1 min™~!) 


(1. mole 


0.50 


Ro 
[SeO2] 


Ms %s hs “Ms hs “Ms Ms %s 
[DMA] (mole 1.~!) 
‘ig. 3. The effect of concentration of 
DMA on the rate at various tempera- 
ture. 


_— 


was controlled by the addition of neutral 
salt (sodium perchlorate) (see Fig. 3). 

Hence, rate equation 1 can be modified 
to 


oe k [H.O.] [SeO.] [DMA] 


+ k’ [(H2O»] [SeO»] (2) 


The first term of equation 2 may corres- 
pond to the rate-determining attack of an 
intermediate comples between selenium 
dioxide and hydrogen peroxide on DMA 
molecule’. 

The reaction is different from the per- 
acetic acid oxidation” in that the main 
route of complex formation can not be a 
slow step, since no induction period was 
observed and the difference between the 
rates with variation of the time of allowing 
the mixture of hydrogen peroxide and 
selenium dioxide to stand before a solution 
of DMA was added. 

The rate of the peroxide consumption 
in aqueous methanol in the absence of 
DMA was found to be considerably less 
than the second term of equation 2 (see 
Table VIII), thus the second term of equa- 
tion 2 should mainly express a reaction 
involving the participation of DMA and 
only partly a reaction independent of DMA. 
The former reaction may be a slow reac- 
tion between hydrogen peroxide and sele- 
nium dioxide to produce an intermediate 
complex II, which reacts with DMA 
rapidly. 

Hence two complexes I and II may be 
possible, which respectively react with 
DMA slowly and rapidly. 


mobile 
equilibrium 


H;0:+SeO,; == 


complex( I) _ 


+DMA > DMAO 

ky (amino 

H.0.+SeO. w= complex(II) Rs oxide) 
ke 


where k,>k.>k:, so that the formation of 
the complex II is the rate determining 
step in the lower reaction. 

Active Oxidizing Species.—Hughes'” as- 
sumed the formation of intermediate per- 
selenious acid in the kinetic study of the 
selenic acid formation, while Smith” sug- 
gested that the catalytic action of selenium 
dioxide in hydrogen peroxide oxidation 


15) Although the possibilities of the complex for- 
mation between H,O, and DMA, or SeO, and DMA, 
followed by the oxidation by the other oxidizing agent 
may be conceivable, these mechanisms are less probable, 
since the accelerating effect of selenium dioxide on the 
H.O>, oxidation is not limited to amines but was observed 
also in aldehydes’, ketones?’ and olefins®. 
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might be due to the formation of selenic 
acid or its higher peroxides. 

To clarify this point, we examined the 
participation of selenate in the reaction. 
The reaction with sodium selenate instead 
of hydrogen peroxide and selenium dioxide 
or that using sodium selenate and hydro- 
gen peroxide instead of hydrogen peroxide 
and selenium dioxide was fairly slow 
(Table III, V), hence selenic acid or a com- 
plex of selenic acid and peroxide can not 
be an active species, I or II. This conclu- 
sion is in accord with our observation 
that the rate of selenic-acid formation 


TABLE III 
THE RATE OF DISAPPEARANCE OF SELENATE 
IN THE OXIDATION OF DMA WITH SELEN- 
ATE ALONE, ESTIMATED BY GRAVIMETRY 
OF LEAD SELENATE: [DMA]=1/5M, 
| NasSeO,] =735 mg. in 50cc. and [HC1O,] 
4/50M at 50 
Time, min. 0 88 262 394 
PbSeO,, mg. 117.0 116.2 117.3 115.8 


TABLE IV 
THE RATE OF DISAPPEARANCE OF HYDRO- 
GEN PEROXIDE IN A MIXTURE OF HYDRO- 
GEN PEROXIDE AND SEIT ENIUM DIOXIDE BY 
MEANS OF BACK TITRATION OF EXCESS 
CERIC ION WITH AN AQUEOUS FERROUS SUL- 
FATE SOLUTION: 1m. mole of H,0O2, 5m. 
mole of SeO, and 4 m. mole of HC1O, were 
mixed with 15cc. of water and 28cc. of 
methanol 
Time, min. 0 110 191 co 
FeSO, required 1.37 1.91 2.53 27.909) 
a) The theoretical vol. of FeSO, necessary 
for the complete disappearance of hydrogen 
peroxide. 


TABLE V 
THE EFFECTS OF ADDED MATERIALS ON 
THE RATE: [SeO.]=1/750M, [DMA]= 
5/30M and [HC1O,]=2/30M at 50 


Y, 3 
Added material Ro x 10°, 
min 
NasSeO, 100mg. in 30cc. of solution 1.13 
NasSeO, 46mg. in 30cc. of solution 1.02 


NasSeO, 25mg. in 30cc. of solution 0.951 


NaeSeO, 0 mg. 0.902) 
NaClO, 1/30M 0.895 


Hydro- 2.5mg. in 30cc. of solution 0.896 
quinone 

None time of standing was 0 min.) 0.893 
None time of standing was 60 min. 0.898 


a) In the other runs, time of standing 
was 15~30 min. 

b) In the absence of selenium dioxide, the 
rate was considerably low. 
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estimated cerimetrically was slower than 
the main reaction, and also with Hughes’ 
data'». 

When besides hydrogen peroxide and 
selenium dioxide a large amount of sodium 
selenate was added, a small increase in 
the rate was observed and the increment 
was proportional to the concentration of 
sodium selenate added (Table V). But no 
salt effect was observed with the addition 
of sodium perchlorate (Table V). This 
fact suggests that the increment may be 
due to the selenium dioxide existing in a 
selenate solution. 

The rate of hydrogen peroxide consump- 
tion in the absence of DMA was followed 
cerimetrically as well as iodimetrically, 
but no remarkable change in concentra- 
tion of hydrogen peroxide was observed. 
This fact suggests that concentrations of 
I and II are both very small in their 
equilibrium states. 

It may well be assumed that I and II 
are a kind of peroxide such as 
HO—Se—O—O—H (perselenious acid) or 


O 
HO. sO 
‘Sec |, but no information of I and 
HO’ SO 
II could be obtained by us by means of 
ultraviolet absorption spectroscopy. 
Effects of Acidity and Substituents.— 
Rates of the reaction satisfied equation 2 
only at a relatively low concentration of 
perchloric acid (less than 0.1m where DMA 
5/30m). In this range, the ky) values was 
found to increase with increasing concent- 
ration of the acid. But at higher a con- 
centration of the acid (more than 4/30m 
where DMA 5/30M), a tendency of induced 
reaction was observed in the early stage 
(before reaching the pseudo-first order ki- 
netics), and it became remarkable as the 
acidity increased. Typical examples are 
shown in Fig. 1. This behavior made the 
quantitative investigation of the effect of 
acidity difficult, but qualitatively, the rate 
began to decrease markedly through maxi- 
mum ([{HC1O,] =5/30mM=[DMA]) as the 
acidity increased. This decrease of rate 
may be ascribed to a decrease in the con- 
centration of DMA by the protonation. 
The first small increase of the rate, inex- 
plicable by the change of the concentra- 
tion of DMA, may be due to the suppres- 
sion of the dissociation of acids I and/or 
II (equation 4) just as discussed in the 
case of Caro’s acid'® if I and II have 


16) Y. Ogata and I. Tabushi, This Bulletin, 31, 969 (1958). 


tl 
1 
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their pK, values near the acidity of maxi- 
mum rate. 


mobile 

DMA+H* = DMAH* (3) 
mobile 

HO.SeOOH == HSeO,;~ +H* (4) 


slow 


DMA + HO.SeO.H >» prod. (5) 


The rate of the oxidation of p-methy]l- 
and p-methoxydimethyl-anilines showed a 
tendency toward induced reaction even at 
the low acidity, so that their kinetics 
could not be followed, but, qualitatively 
these substituents increased the _ rate, 
which supports the above electrophilic 
substitution mechanism. 

Other Factors Influenceing the Rate.— 
Rate measurements carried out at 40, 50 
and 60° gave linear relations of ky vs. 
DMA (Fig. 3) and thus gave the values 
of k and k’ at these temperatures. From 
these values activation energies and log 
PZ were calculated, but as to k’, Arhenius 
plot did not give a straight line, probably 
because the second term of equation 2 
contained more than one reaction (for 


TABLE VI 
THE EFFECT OF SOLVENT COMPOSITION ON 
THE RATE. TEMP. 50° [SeO:]=1/750M 
weihenst. «= (DMA, M ~~ 
50 3/30 4.13 
66.7 3/30 6.40 
66.7 5/30 9.02 
80 5/30 14.8 
90 5/30 24.2 
95 5/30 28.4 
TABLE VII 


POLYMERIZATION OF ACRYLONITRILE ADDED 
WITH VARIOUS REAGENTS 
ACRYLONITRILE; 5cc. 


BPO DMA 30% SeO, Time [olymer 
mg. mg. H20, mg. min. mg. 
20 60 0 0 2.2 0 
20 60 0 0 4.0 24.9 
20 60 0 0 11.0 598.5 
20 60 0 2 300.0 0° 
20 60 0 0 4.5 86.8 

0 60 2drops 0 2days 0 

0 60 2drops 2 2 days 0 
20 60 0%) 0 4.0 46.0 

0 60 2drops 0 2 days 0 

0 0 2drops 2 2 days 0 

0 0 0 0 Several days 0 


a) O.lec. of water was added. 
b) 2 drops of conc. HClO, were added. 
c) The solution was slightly turbid. 


TABLE VIII 
TEMPERATURE COEFFICIENTS, ACTIVATION 
ENERGY AND ACTIVATION ENTROPY OF k 

AND k' 


Reo /Rso =5.95(1.2 mole ~* min~*) / 
3.36(1.2 mole ~* min~!) =1.74 
Rs0/ R49 =3.36/1.93 = 1.77 


11.50 kceal./mole 
11.86 kcal./mole 


4H*(40 and 50°) 
4H*(50 and 60°) 


av. 4JH*=11.68 kcal./mole 
4S*(50°) =11.8 E. U. 
k'60/R'so=4.02 (0.446/0.110)* 


R's R' 40 


a) The unit of the constants is 1. mole“! 
min™!. 


2.45 (0.110/0.045) 


example, selenic acid formation, spontane- 
ous decomposition of hydrogen peroxide 
and oxidation of methanol). Activation 
energies and other data were summarized 
in Table VIII. 

The addition of water to methanol 
markedly decreases the rate (Table VI). 
This marked solvent effect may partly be 
attributed to the participation of water in 
the formation of the intermediate (per- 
selenious acid), since it was reported’? 
from the oxygen isotope exchange study 


that the formation of perselenious acid 


from selenious acid was attained through 
dehydration of selenious acid as shown in 
equations 6 and 7, 


H.SeO; Pad H.0+SeO, (6) 
SeO,.+H.,02. ~ HO,SeOOH (7) 


and partly to the suppression of the dis- 
sociation of the attacking acids I and/or 
II. 

Possibility of Free Radical Mechanism. 
—The observation that sulfur dioxide and 
hydroperoxide initiated vinyl polymeriza- 
tion!” 

ROOH+SO, — RO- + - [SO;H] (8) 


may suggest the possibility of a free radi- 
cal mechanism of the reaction of selenium 
dioxide with hydrogen peroxide. But the 
addition of a small amount of hydroqui- 
none has no appreciable effect on the rate 
at lower acidity of the solution where no 
induced reaction has been observed'”. 
Furthermore, the tests of the polymeri- 
zation of acrylonitrile was carried out, 
indicating that the free radical mechanism 
was not operating. The polymerization 
of acrylonitrile was tested in the presence 


17) E. I. Thinyakova, B. A. Dolgoplosk and V. N. 
Reich, Jzvestia A. N. SSSR, 1957, 851. 

18) At higher acidities, hydroquinone markedly con- 
sumed hydrogen peroxide under these reaction conditions. 
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of BPO-- DMA, (hydrogen peroxide + DMA), 
(hydrogen peroxide-+selenium dioxide 
DMA), (hydrogen peroxide+selenium di- 
oxide), (hydrogen peroxide-~selenium di- 
oxide DMA+perchloric acid) or (BPO 
DMA+selenium dioxide), where BPO 
means benzoyl peroxide. In most of these 
experiments, no polymerization was ob- 
served. But two exception were observed ; 
i. e., the reagent (BPO+ DMA) could easily 
initiate the polymerization in accord with 
previous investigators’, and the reagent 
(BPO+DMA+selenium dioxide) initiated 
it only with great difficulty. 

These observations indicate that (i) the 
interaction of hydrogen peroxide and DMA 
can not produce any effective free radical ; 
(ii) selenium dioxide has an effective in- 
hibitory action for the radical polymeriza- 
tion; (iii) I or II can not participate in 
the radical chain. 

The Over-all Reaction Mechanism.—The 
results obtained above suggest a set of 
steps for the over-all reaction. 


Ks 
H,SeO; <@ SeO.,+H:20 (9) 
Kio 
SeO,.+H.,0O. @ HO.SeOOH (1) (10) 
ky 
H.SeO;+H2O2 2 complex (II) (11) 
ke 
Ki2 
(I) =< HO.SeO.~ +H* (12) 
K Me 
,/Me ——— 4 2 
< »-N Me” nm a N+-H (13) 
Me 
P Me 
ben ,/Me *3 . a Gs 
< >-T ” se I ) 
(I) s N Me < HO.SeOH > N C 
Me 
(14) 
k Me 
a 1/Me *4 . 5 4 -_ 
(II) + ¢ a, N Me — H,SeQ; + <¢ a N O 
Me 
(15) 
19) e. g., L. Horner and E. Schwenk, Ann., 566, 69 


(1949); L. Horner, Angew. Chem., 62, 359 (1950), J. 
Polymer Sci., 18, 438 (1955); M. Imoto, T. Otsu and 
K. Kimura, ibid., 15, 495 (1955). 
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K's denote mobile equilibrium constants 
and k's denote rate constants, of which 
k, and k; correspond to those of rate- 
determining steps via complex II and I, 
respectively. 


Summary 


The selenium dioxide-catalyzed oxida- 
tion of dimethylaniline with hydrogen per- 
oxide was investigated kinetically at 40~ 
60° in 50~95 volume % aqueous methanol. 
The rate of the consumption of hydrogen 
peroxide at constant acidity of the reaction 
mixture was expressed as 


v -k[(H2O-] [SeO.] [Dimethylaniline] 
+k'[H,O-] [SeO:] 


The first term of this equation seems to 
correspond to the rate of a reaction be- 
tween dimethylaniline and a complex (I) 
produced rapidly from selenium dioxide 
and hydrogen peroxide, while the second 
term corresponds mainly to a slow reac- 
tion between selenium dioxide and hydro- 
gen peroxide to yield the complex (ID 
followed by a rapid reaction with dimethyl- 
aniline. The energy of activation was 
11.7 kcal. 

When perchloric acid was added to the 
reaction mixture, the pseudo-first-order 
rate constant with respect to hydrogen 
peroxide first increased and then decreased 
via a maximum, which was explicable by 
the assumptions of the dissociation of the 
intermediate and the protonation of di- 
methylaniline. Electron-releasing groups 
tended to increase the rate. An increase 
of the water content in the solvent 
methanol decreased the rate. There was 
no evidence for the radical mechanism 
under these experimental conditions. 


Department of Industrial Chemistry 
Faculty of Engineering 
Kyoto University 
Sakyo-ku, a 
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Despite the importance of the role of 
molybdenum in the biochemical cycle of 
nitrogen and especially in plant growth, 
the only accessible datum of the content 
of this element in an inland water is that 
of Ter Meulen?” who reported 0.9 vg. 
Mo/1. for a canal water in the Netherlands. 
As for -sea water, more data have been 
reported. However, these data are often 
discordant, apparently because of defects 
in some of the methods employed. Thus, 
while Ishibashi et al.” found 10.6 vg./l. for 
the North Pacific water, Ernst and 
Hoermann® reported 0.3~0.7 wg./l. for the 
Atlantic. 

Considering these facts, the present 
writers have elaborated a new method of 
determination, applicable to both sea and 
fresh waiers, by which 
conduct an extensive study of the distribu- 
tion of molybdenum in various kinds of 
natural water. 

The method consists of two steps: 1) 
the element is co-precipitated together with 
either hydrated manganese oxide or ferric 
hydroxide and 2) the molybdenum is then 
extracted by a solvent consisting of n- 
butanol and chloroform in the form of 
thiocyanate to be subjected to spectro- 
photometry. Special care is taken in 
adjusting the pH of the solution to 3.8 
where quantitative co-precipitation of 
molybdenum is ensured, resulting in a 
nearly 100% recovery of molybdenum”. 

Of these two different kinds of copre- 
cipitant, manganese oxide is preferred 
because with this element, a precipitate is 
obtained which is quickly and easily 
filtered. This precipitate is more easily 
soluble in dilute hydrochloric acid con- 


* Present address: Fukuoka College of Liberal Arts, 
Kurume, Fukuoka-ken. 

1) G. Evelyn Hutchinson, ‘A Treatise on Limnology 
vol. 1- Geography, Physics, Chemistry’, John Wily & 
Sons, Inc., New York, (1957), p. 824. 

2) M. Ishibashi, T. Shigematsu and Y. Nakagawa, 
Memoir of Chemical Research Laboratory, Kyoto 
Oniversity, 32, 199 (1954). 

3) T. Ernst and H. Hoermann, Nach. Ges. Wiss. 
Géttingen Math. -Phys. Kl., Fach. IV, N. F. 1, 205 
(1936). 


they plan to | 


taining a small amount of hydrogen per- 
oxide, and the optimal range of pH is 
wider where a perfect co-precipitation of 
molybdenum is ensured”. 


Experimental 


Reagents. — Ferrous ammonium sulfate solu- 
tion. — Dissolve 0.70 g. of the salt in 100ml. of 
0.2N sulfuric acid. The solution thus prepared 
contains 1.0mg. of ferrous iron per ml. and is 
good for only one week after being prepared. 

Sodium hypochlorite solution. — Neutralize 7.1 
ml. of alkaline hypochlorite solution having 7% 
available chlorine with glacial acetic acid, using 
p-nitrophenol as indicator. Then add 0.6ml. 
excess of the same acid and water bringing the 
solution to 50ml. The solution is 1% for chlorine 
and is buffered at pH 3.7. 

Potassium permanganate _ solution. — Dissolve 
0.86g. of potassium permanganate in 100ml. 
water. The solution contains about 3mg.Mn/ml. 

Manganous sulfate solution.—Dissolve 1.0g. of 
hydrated manganous sulfate in 100ml. water. 
The solution contains 2mg. Mn/ml. 

Bromocresol purple. —Ethanolic solution, 0.1% 
wt./vol. 

Potassium iodide solution.—10%, reagent quality. 

Sodium sulfite solution.—10%, reagent quality. 

Potassium thiocyanate solution. —10%, reagent 
quality. 

Hydrogen peroxide solution.—1%, 30% reagent 
is diluted. 

Stannous chloride solution.—Ten g. of hydrated 
salt is dissolved in 100ml. of 1N hydrochloric 
acid. It is recommended that the preparation be 
made each week. 

Solvent mixture of n-butanol and chloroform.— 
One part of n-butanol and four parts of chloroform 
are mixed. The components must be previously 
subjected to distillation and those fractions which 
distil 118°C and 61~63°C respectively are 
separated. 

Standard molybdenum solution.— An amount 
(0.750 g.) of reagent quality molybdenum trioxide 
is dissolved in 10 ml. of 0.1N sodium hydroxide 
solution and diluted to about 50ml. After being 
slightly acidified with hydrochloric acid, the 
solution is made up to 500ml. In practice, a 
dilute solution is prepared each week and used as 
the standard. The primary standard solution 
containing 1.0mg. Mo per ml. is properly diluted 


4) M. Tanaka, Mikrochimica Acta, 1958, 204. 
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with 0.1N hydrochloric acid so that one ml. of 
the dilute solution contains one #g. Mo per ml. 

Procedure. — Depending upon the probable 
content of molybdenum, a sample of 1~5 liters 
is taken. After being warmed to 70~80°C, the 
sample is acidified with hydrochloric acid. The 
solution is neutralized with 4N sodium hydroxide 
solution by using bromocresol purple as indicator 
and is buffered to approximately pH 3.8 by 
adding 12ml. of glacial acetic acid and 5ml. of 
4M sodium acetate solution per liter. Then 2ml. 
of the manganous sulfate solution and 2ml. of 
the potassium permanganate solution are succes- 
sively added, while stirring vigorously. The 
solution is heated to 80°C whereby coagulation 
of the formed hydrated oxide of manganese is 
hastened. After cooling, the coagulum is filtered 
and then dissolved in a small amount of 2N 
hydrochloric acid containing 1 ml. of 1% hydrogen 
peroxide. The solution is transferred into a 
100 ml. beaker and boiled gently about 30 minutes 
until the excess of hydrogen peroxide is expelled. 
After cooling, 1ml. of sodium sulfite solution is 
added whereby the remaining hydrogen peroxide 
is decomposed and ferric ions are reduced. 
Further addition of the potassium iodide solution 
ensures elimination of traces of hydrogen peroxide 
and the ferric iron. The liberated iodine is 
driven out by heating the solution for 10 minutes 
on a water bath. The final volume of the solution 
is 10~15ml. Two ml. of concentrated hydrochloric 
acid, 2ml. of ferrous ammonium sulfate solution 
and 3ml. of potassium thiocyanate solution are 
successively added. Then the whole is transferred 
into a 100ml. separatory funnel. After thoroughly 
mixing, 3ml. of the stannous chloride solution 
is added and then shaken”. 

The next step is the extraction of formed 
molybdenum thiocyanate by the n-butanol— 
chloroform mixture®. After the addition of 7 ml. 
of the mixture, the contents of the funnel are 
vigorously shaken for two minutes. When the 
layers separate, the bottom oil layer is drawn 
out into a 10 ml. measuring flask and the remain- 
ing aqueous fraction is treated with 2ml. of the 
solvent mixture. The joint extracts in the flask 
are made to just 10ml. Then a few mg. of solid 
stannous chloride is added to protect the ferrous 
iron against oxidation. Otherwise, a red colora- 
tion by ferric thiocyanate may interfere with the 
measurement of the coloration. The absorbance 
measurement is made at 475myr. The molyb- 
denum determination is made in reference to the 
standard curve previously prepared. 


Checking the method and application of 
the method to natural waters.—l) Reco- 
very of molybdenum by the co-precipita- 
tion procedure was checked as follows: 
an amount of molybdenum ranging 5~15 
vg. in one liter of water was co-pre- 
cipitated together with hydrated manga- 


5) E. B. Sandell, ‘*Colorimetric Determination of 
Traces of Metals.”’, Interscience Publishers, Inc., New 
York, (1950), p. 455. 

6) S. Kanamori, private communication. 
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nese oxide or ferric oxide, each equivalents 
to 10 mg. and 100 mg. of Mn and Fe respec- 
tively. As shown in Table I, the molyb- 
denum recovery is from 98 to 100% by the 
use of either manganese or iron. 

2) The interferences by ordinary 
elements and tungsten with the final 
colorimetry were examined. The results 
proved that these elements cause no 
interference at concentraiions as are 
usually found in ordinary natural waters. 

3) Examples of the results of the 
application of the present methods to 
various natural waters are given in Table 
II. 


TABLE I 
CO-PRECIPITATION OF MOLYBDENUM WITH 
HYDRATED MANGANESE OXIDE AND FERRIC 

HYDROXIDE 


Mn used Mo added Mo found 
(mg.) (g-) (g.-) 
10 5.0 5.1 
10 10.0 10.0 
10 15.1 15.0 
100 10.0 10.1 
Fe used Mo added Mo found 
(mg.) (g.) (ug.-) 
10 5.0 §.2 
10 10.0 10.0 
10 15.3 15.2 
100 10.0 10.2 
TABLE II 
EXAMPLES OF APPLICATION 
Sample Mo Mo 
Description taken added found 
(1.) (ug-)  (#g-) 
Ground water from a 5 3.0 
well on the campus of 5 5.0 8.2 
Nagoya University. = ay 
River water from » — 
Nagaragawa, Gifu - 5.0 74 
Prefecture. ss sn Pe 
Sea water from the 
Antarctic Ocean. 
68°52.5'S 1 9.8 
23 30.9 © 1 5.0 14.6 
Pacific Ocean. 
04°14.0'N 1 10.0 
128°55.0'E 1 10.0 19.8 
Indian Ocean. 
12°48.0'S 1 12.2 
78°03.8'E 
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VIIT. Syntheses of the 


Two Enantiomorphs of 5-Methylenecyclopentanone-3-carboxylic Acid 


By Mitsuhiro KINOSHITA and Sumio UMEZAWA 


(Received September 5, 1958) 


The present authors’ previously re- 
ported the synthesis of 5-methylenecyclo- 
pentanone-3-carboxylic acid, an antitumor 
isomer of sarkomycin”. The structure 
of sarkomycin had been established by 
Hooper et al.” to be 2-methylenecyclo- 


pentanone-3-carboxylic acid, the hydro- 
genated product being (-+)-2-methylcyclo- 
pentanone-3-carboxylic acid. More re- 


cently, Toki* reported the synthesis and 
the resolution of dl-sarkomycin. 

The present paper describes the syn- 
theses of optically active 5-methylene- 
cyclopentanone-3-carboxylic acids and 
their antitumor activities. The synthetic 
routes are analogous to the synthesis of 
dl-5-methylenecyclopentanone-3-carboxylic 
acid previously described”. 
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dl-Cyclopentanone-3-carboxylic acid pre- 
pared by the Kay and Perkin’s method» 
was resolved into its optically active 
components (Ia and Ib) by fractionally 
crystallizing its brucine salt. Both (+)- 
and (—)-cyclopentanone-3-carboxylic acids 
were condensed with dimethylamine 
hydrochloride and paraformaldehyde by 
means of the Mannich reaction to yield 


1) S. Umezawa and M. Kinoshita, This Bulletin, 30, 
267 (1957). 

2) H. Umezawa, T. Yamamoto, T. Takeuchi, T. Osato, 
Y. Okami. S. Yamaoka, T. Okuda, K. Nitta, K. Yagishita, 
B. Utahara and S. Umezawa, Antibiotics and Chemo- 
therapy, 4, 514 (1954). 

3) I. R. Hooper, L. C. Cheney, M. J. Cron, O. B. 
Fardig, D. L. Johnson, F. M. Palermiti, H. Schmitz and 
W. B. Wheatley, ibid., 5, 585 (1955). 


4) K. Toki, This Bulletin, 30, 450 (1957); ibid., 31, 
333 (1958). 
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(+)- and (-—)-5-(dimethylaminomethy]l)- 
cyclopentanone-3-carboxylic acid hydro- 
chlorides (IIa and IIb), respectively, which 
were esterified with methanol by the 
Fischer-Speier method to yield methyl 
(+)- and methyl (—)-5-(dimethylamino- 
methyl)cyclopentanone-3-carboxylate 
hydrochlorides (IIIa and IIIb), respec- 
tively. 

Though each of the two products con- 
sists of a pair of diastereoisomers differing 
in the configuration respecting C;, the 
separation of components is not required 
for the preparation of 5-methylenecyclo- 
pentanone-3-carboxylic acid. Therefore, 
each of the two diastereoisomeric mixtures 
of methyl 5-(dimethylaminomethy]l)cyclo- 
pentanone-3-carboxylate hydrochloride was 
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Fig. 1. Infrared absorption spectrum of 
methyl (+ )-5-methylenecyclopentanone- 
3-carboxylate in carbon tetrachloride. 


directly degraded by vacuum distillation 
to yield methyl (+)- or methyl (—)-5- 
methylenecyclopentanone-3-carboxylate 
(IVa and IVb). 

Mild hydrolysis of IVa and IVb with 
dilute sulfuric acid, followed by extraction 
with ethyl acetate and by evaporation of 
the solvent in vacuo gave (+)- and (—)- 
5-methylenecyclopentanone-3-carboxylic 
acid (Va and Vb), respectively. 

The ultraviolet absorptions of IVa and 
IVb in methanol solution showed maxima 
at 231 and 335~336 mv, suggesting the pre- 
sence of an a,f-unsaturated ketone group 
in each as shown in Fig. 2. The infrared 
absorption of IVa in carbon tetrachloride 
showed maxima as follows: 5.744 (con- 
jugated carbonyl group), and 6.054 
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(carbon-carbon double bond) as shown in 
Fig. 1. The ultraviolet absorptions of Va 
and Vb in methanol solution showed 
maxima at 232 and 333 my suggesting the 
presence of an a, f-unsaturated ketone 
group in each. 
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Fig. 2a. Ultraviolet absorption spectra of 
(+)-5-methylenecyclopentanone- 3-car - 
boxylic acid ( ) and methyl (+)-5- 
methylenecyclopentanone- 3-carboxylate 
(------ ) in methanol. 
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Fig. 2b. Ultraviolet absorption spectra 
of (—)-5-methylenecyclopentanone-3- 
carboxylic acid (——) and methyl (—)- 
5 -methylenecyclopentanone- 3 -carboxyl- 
ate (------ ) in methanol. 
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Moreover, ozonolysis of (— )-5-methylene- 
cyclopentanone-3-carboxylic acid (Vb) gave 
formaldehyde (isolated as the methone 
derivative) as one of the products. This 
established the presence of an exomethy]- 
ene group in Vb. 

Methyl (+)- and methyl (—)-5-methyl- 
enecyclopentanone-3-carboxylates (Va 
and IVb) possessed significant activities 
against Staph. aureus 209-P. The both 
enantiomorphs (Va and Vb) of 5-methyl- 
enecyclopentanone-3-carboxylic acid pos- 
sessed strong antitumor activities of the 
same extent. 


Experimental 


Resolution of dl-Cyclopentanone-3-carbo- 
xylic Acid. — (-+-)-Cyclopentanone-3-carboxylic 
Acid (la).—A mixture of dl-cyclopentanone-3- 
carboxylic acid (48g.), brucine tetrahydrate 
(178.5 g.) and 90% methanol (380 cc.) was heated 
until solution was effected. After. cooling and 
storing at 11~12°C for 2hr., the first crystalline 
crop was separated, and washed with a small 
quantity of 90% methanol. The weight of the 
dried product 103g. On decomposing a small 
portion of the crop in the same way as described 
below, the free acid of [a]}}+12.0°(c 4, methanol) 
was obtained. Recrystallization of the crude 
salt from 90% methanol (120cc.) gave 80g. of 
the purified salt, which, on decomposition, gave 
the free acid of [a],$+18.5°(c 4, methanol). 

A second crop (41 g.) was obtained by evapora- 
tion of the mother liquor and recrystallized three 
times from 90% methanol to give 16.7 g. of the 
salt [free acid: [a » 19.0(c 4, methanol)]. The 
crops were collected and recrystallized from 90% 
methanol (1.2 cc./g.) to give 82.5g. of the nearly 
pure salt [free acid: [a],$+23.0°(c 4, methanol) ]. 
The product was further recrystallized twice 
from the same solvent and subjected to decom- 
position. 

To a solution of the recrystallized brucine 
salt (66 g.) of (+)-acid in boiling water (160 cc.) 
was added dropwise 14% sodium carbonate solu- 
tion (142cc.) with stirring. After being cooled 
in a refrigerator overnight, the brucine was 
filtered off. The filtrate was acidified with 
hydrochloric acid to pH 2.4, saturated with 
ammonium sulfate and extracted with ether 
repeatedly. After drying the extract, evaporation 
of ether gave 10.3g. (43% from dl-acid) of (+)- 
cyclopentanone-3-carboxylic acid (Ia), [a@]j,°+27.2° 
(c 2.0, methanol)*. Recrystallization from ether 
gave colorless plates, m. p. 66~67°C. 

Anal. Found: C, 56.49; H, 6.28. Calcd. for 
C.sH,O;: C, 56.24; H, 6.29%. 

(—)-Cyclopentanone-3-carboxylic Acid (Ib).—By 
concentration of the mother liquor of the above- 
mentioned second crop, 54.6g. of the third crop 
was obtained. The corresponding free acid 


* Rotation reported by Toki‘ is [a] #4 +22.1° (c 1.9, 
methanol). 
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obtained by decomposition showed [a]},—17.5° (c 
4, methanol). Recrystallization from 85% ethanol 
(55 cc.) gave 34.5g. of crystals. The correspond- 
ing free acid showed [a]{;°>—15.7° (c 3.94, 
methanol). The recrystallized salt was mixed 
with the crystalline residue obtained by evapora- 
tion of the recrystallization mother liquors of 
the first and the second crops described above and 
dissolved in hot 85% ethanol. The solution was 
left at 14°C for 1.5hr. and the less soluble salt 
there separated was filtered off. Evaporation of 
the mother liquor gave 8g. (crystal A) of the 
more soluble salt. Evaporation of the mother 
liquor separated from the third crop and the 
recrystallization mother liquor of the third crop 
gave 14g. (crystal B) and 13g. (crystal C) of 
crystalline residues, respectively. Crystals A, B 
and C correspond to the brucine salt of (—)- 
cyclopentanone-3-carboxylic acid which is more 
soluble than the salt of the (+)-acid described 
above. 

For decomposition 14% sodium carbonate solu- 
tion (76cc.) was added dropwise to a hot solution 
of the brucine salt of (—)-acid (35g., collected 
crystals A, B and C) and the resulting mixture 
was processed, in the same manner as described 
in the preceding paragraph, to yield the crystals 
of (—)-cyclopentanone-3-carboxylic acid; yield 
4.6g. (19.2% from dl-acid), [a]}$—23.4° (c 2.0, 
methanol)**. A sample for analysis was prepared 
by recrystallization from ether, m. p. 65~67°C. 

Anal. Found: C, 56.63; H, 6.20. Calcd. for 
C.sHsO;: , 56.24; H, 6.29%. . 

(+)-5-(Dimethylaminomethyl) cyclopentanone-3 - 
carboxylic Acid Hydrochloride (Ila).—A mixture 
of (-+)-cyclopentanone-3-carboxylic acid (9.5g.) 
and dimethylamine hydrochloride (6.03g.) was 
heated on a water bath. To the resulting melt 
was added paraformaldehyde (2.22g.) and the 
mixture was stirred at 85°C for lhr. and then 
evaporated under reduced pressure to remove 
moisture. The resulting syrup was dissolved in 
absolute methanol (l3cc.) and a small amount 
of insoluble solid was removed by filtration. 
After addition of acetone (35cc.) the solution was 
allowed to stand overnight in a refrigerator to 
afford the crystalline hydrochloride of (-+-)-5-(di- 
methylaminomethy])cyclopentanone -3- carboxylic 
acid; yield 3.95g. (24%), m. p. 136~139°C (dec.). 
Recrystallization from absolute methanol raised 
the melting point to 141~142°C (dec.); [a > 
+51.3° (c 1.385, methanol). 

Anal. Found: C, 48.81; H, 6.99; N, 6.27. 
Calcd. for CygH;.O0;NCl: C, 48.80; H, 7.28; N, 
6.32%. 

(—)-5-(Dimethylaminomethyl) cyclopentanone-3 - 
carboxylic Acid Hydrochloride (Ilb).—A mixture 
of (—)-cyclopentanone-3-carboxylic acid (4.5 g.) 
and dimethylamine hydrochloride (2.76g.) was 
heated on a water bath. Tothe resulting melt was 
added 1.05g. of paraformaldehyde and the mixture 
was stirred at 85°C for lhr. and then evaporated 
under reduced pressure. The residue was pro- 


** Rotation reported by Toki‘ is (a) 4 -22.2° (c 2.0, 
methanol). 
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cessed by the same procedure as employed for 
the preparation of Ila to afford the crystalline 
hydrochloride of (-—)-5-(dimethylaminomethy]l)- 
cyclopentanone-3-carboxylic acid hydrochloride; 
yield 1.8g. (23%). The hydrochloride was 
recrystallized from absolute methanol; m.p. 
140~141°C (dec.), [a}}}—62.3° (c 0.566, methanol). 

Anal. Found: C, 48.60; H, 7.16; N, 6.29. 
Caled. for CgHjgO3;NCl: C, 48.80; H, 7.28; N, 
6.32%. 

Methyl (+)-5-(Dimethylaminomethyl) cyclopen- 
tanone-3-carboxylate Hydrochloride (Illa).—A 
mixture of (+)-5-(dimethylaminomethy])cyclo- 
pentanone-3-carboxylic acid hydrochloride (3.3 g.) 
and absolute methanol (38cc.) was saturated 
with dry hydrogen chloride and allowed to stand 
overnight. The solvent was removed by distilla- 
tion under reduced pressure. The resulting 
crystals were dissolved in a small quantity of 
absolute methanol and the solution was diluted 
with absolute ether, whereupon there separated 
colorless, minute plates of methyl (-+)-5-(dimethyl- 
aminomethy]) cyclopentanone-3-carboxylate hydro- 
chloride; yield 3g. (86%). The hydrochloride 
was recrystallized from absolute methanol, m. p. 
144~145.5°C (dec.); [a@]{}+73.2°(c 0.95, methanol). 

Anal. Found: C, 50.86; H, 7.42; N, 5.86. 
Calcd. for CioHisO;NCl: C, 50.95; H, 7.64; N, 
5.94%. 

Methyl (—)-5-(Dimethylaminomethyl) cyclopen- 
tanone-3-carboxylate Hydrochloride (Illb).—A 
mixture of (—)-5-(dimethylaminomethy])cyclo- 
pentanone-3-carboxylic acid hydrochloride (1.5 g.) 
and absolute methanol (22cc.) was saturated 
with dry hydrogen chloride and processed in the 
same manner as described in the preceding 
paragraph. Yield 1.4g. (88%). Recrystallization 
from absolute methanol, m. p. 144~146°C (dec.) ; 
[a]j}—65.0°, (c 0.65, methanol). 

Anal. Found: C, 50.75; H, 7.46; N, 5.78. 
Calcd. for CioH;sO3;3NCI: C, 50.95; H, 7.64; N, 
5.94%. 

Methyl (+)-5-methylenecyclopentanone-3-carbo- 
xylate (1Va).—A sample (0.7g.) of methyl (+)- 
5-(dimethylaminomethy]) cyclopentanone - 3-carbo- 
xylate hydrochloride was placed in a small round- 
bottom flask and heated at 160~163°C in an oil 
bath under highly reduced pressure (0.0035mmHg). 
Colorless crystals of methyl (+)-5-methyl- 
enecyclopentanone-3-carboxylate were obtained 
in a receiver cooled in a dry ice-acetone bath; 
m. p. 46~48.5°C, [a]},+43.3° (c 0.82, methanol), 
yield 0.38g. (83%). The ultraviolet absorption 
of the product showed maxima at 231 my (e 7,800) 
and 335my (e 29.4) in methanol. The infrared 
spectrum showed maxima at 5.74, 6.05 and 10.61 
in carbon tetrachloride as shown in Fig. 1. 

Anal. Found: C, 62.42; H, 6.32. Calcd. for 
CsH;003: C, 62.32; H, 6.54%. 

Methyl (—)-5-Methylenecyclopentanone-3-carbo- 
xylate (IVb).—The ester was prepared from 0.7 g. 
of methyl (-—)-5-(dimethylaminomethy]l)cyclo- 
pentanone-3-carboxylate hydrochloride by the 
same procedure as described above; yield 0.36 g. 
(79%), m. p. 46~48°C, La}\5 36.5 (c 0.65, 
methanol). The ultraviolet absorption spectrum 
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of the product showed maxima at 231 my: (¢ 7.780) 
and 336my (¢ 28.6) in methanol (Fig. 2). 

Anal. Found: C, 62.40; H, 6.40. Caled. for 
C.H,,03: C, 62.32; H, 6.54%. 

(-)-5-Methylenecyclopentanone-3-carboxylic Acid 
(Va).—A mixture of freshly prepared methyl 
(+)-5-methylenecyclopentanone-3-carboxylate 
(1.44g.) and 1.5N sulfuric acid (30cc.) was 
stirred at 27~28°C for 2hr. to give a clear 
solution, which was kept cold in an ice-bath, 
adjusted to pH 7.8 with a saturated solution of 
sodium bicarbonate, and shaken with three 30 cc. 
portions of ethyl acetate to remove any unchanged 
ester. The water-layer was adjusted to pH 2.0 
with 1.5N sulfuric acid and extracted with four 
25 cc. portions of ethyl acetate. After the extract 
was dried over sodium sulfate, the ethyl acetate 
was removed by distillation under reduced pres- 
sure at 14°C to yield a crude product of (+)-5- 
methylenecyclopentanone-3-carboxylic acid, a 
colorless, viscous oil which rapidly crystallized; 
yield 0.48g. (37%), m. p. 46~60°C, [a]!°+34.9 
(c 1.0, methanol). The freshly prepared sample 
was soluble in methanol and in water. However, 
on standing at room temperature in the absence 
of polymerization inhibitor, the product gradually 
polymerized and became much less soluble in 
methanol or water. It resisted attempts to recrys- 
tallize it. The ultraviolet absorption spectrum 
of the product showed maxima at 232 my (e 5.670) 
and 333my (e 20.7) in methanol, showing the 
presence of a, §-unsaturated ketone group. 

(—)-5-Methylenecyclopentanone-3-carboxylic Acid 
(Vb).—This acid was prepared from methyl (—)- 
5-methylenecyclopentanone-3-carboxylate (0.65 g.) 
by the same procedure as described above; yield 
0.2g. (34%), m. p. 48~57°C [a]}}—29.3° (c 0.517, 
methanol). The product polymerized gradually 
and resisted attempts to recrystallize it. The 
ultraviolet absorption spectrum of the product 
showed maxima at 232my (¢ 5.650) and 333 my 
(ce 20.5) in methanol, showing the presence of 
a, S-unsaturated ketone group. 

Ozonolysis of Vb.—A solution of 200 mg. of 
freshly prepared (—)-5-methylenecyclopentanone- 
3-carboxylic acid (Vb) in ethyl acetate (10 cc.) 
was treated with an approximately 2% (by 
weight) ozone-oxygen mixture at 0°C ata rate 
of 500cc./min. for 19 min. The resulting solu- 
tion was mixed with water (l0cc.) and zinc 
dust (300 mg.) and the mixture was refluxed for 
30min. The reaction mixture was filtered while 
hot into a solution of methone (300 mg.) in 10 cc. 
of ethanol. Dilution with 20cc. of water afforded 
the needles of formaldehyde methone, m. p. 183~ 
186°C; yield 128mg. (31%). Recrystallization 
from 80% ethanol gave pure crystals of m.p. 
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187~189°C. Admixing with an authentic specimen 
of formaldehyde methone showed no change of 
melting point. 

Bioassays.—Preliminary results have indicated 
that methyl (+-)-5-methylenecyclopentanone-3-car- 
boxylate (IVa) and the other isomer (IVb) pos- 
sess potencies of 5.2 and 6.5 unit/mg. (in terms 
of sarkomycin potency) in 10% ethanol against 
Staph. aureus 209-P respectively. The minimum 
necessary concentrations of (+)-5-methylenecyclo- 
pentanone-3-carboxylic acid (Va) and the other 
isomer (Vb) for the anti-HeLa-cell effect were 
62.5 and 62.5 mcg./cc. respectively. The daily 
intraperitoneal injections of 0.15mg. of Va and 
0.25 mg. of Vb inhibited the ascites increase and 
prolonged the survival period of mice bearing 
ascites type of Ehrlich cartinoma by intraperi- 
toneal route. 

A detailed report on the biological activities of 
IVa, IVb, Va and Vb will be published elswhere. 


Summary 


1) The two diastereoisomeric mixtures 
(Ila and IIb) of 5-(dimethylaminomethy])- 
cyclopentanone-3-carboxylic acid hydro- 
chloride were synthesized from the two 
enantiomorphs of cyclopentanone-3-car- 
boxylic acid by means of the Mannich 
reaction. 

2) The two diastereoisomeric mixtures 
(IIIa and IIIb) of methy1 5-(dimethylamino- 
methyl)cyclopentanone-3-carboxylate hy- 
drochloride were degraded to give methyl 
(+)- and methyl (—)-5-methylenecyclo- 
pentanone-3-carboxylates (IVa and IVb), 
which were hydrolyzed into (+)- and (—)- 
5-methylenecyclopentanone-3-carboxylic 
acid (Va and Vb), respectively. 

3) It was found that IVa and IVb pos- 
sess high potency against Staph. aureus 
and both Va and Vb show significant 
antitumor activities of the same extent. 


The authors are indebted to Professor 
H. Umezawa, National Institute of Health, 
Tokyo, for antitumor assays, and to Mr. 
S. Nakada of this Laboratory for the 
microanalytical data. 
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Selective Oxidation of Allylic Alcohols with Active N-Halogen 


Compounds. 


IP 


By Ken-ichi Morira* 


(Received September 9, 


It was shown in the previous paper” that 
active N-halogen compounds are effective 
reagents for the selective oxidation of 
allylic alcohols”. This article presents ex- 
amples of selective oxidation of dihydro- 
xylic compounds, each carrying an allylic 
and a primary or equatorial hydroxyl 
group, to a, §-unsaturated ketones with the 
unaffected primary or equatorial hydroxy] 
group, which may be difficult when man- 
ganese dioxide is employed'’’, and of an 
allylic alcohol with an isolated ethylenic 
linkage to an a, f-unsaturated ketone 
without affecting the isolated double bond. 

Reduction of methyl 3-keto-23, 24-dinor- 
chol-4-en-22-oate® (I) with lithium alumi- 
num hydride gave a product which is pre- 
sumed a mixture consisting essentially of 
23, 24-dinorchol-4-en-3§, 22-diol and its. 3a- 
epimeride. Oxidation of the mixture III by 
means of N-bromoacetamide in benzene- 
pyridine gave 23, 24-dinorchol-4-en-22-ol-3- 
one (I1Va)” in an overall yield of 78% 
from keto ester I. Similarly, reduction* 
of 3-keto-23, 24-dinorchol-4-en-22-al” (II) 
with sodium borohydride to diol mixture 
III followed by oxidation with N-bromo- 


Present address: Ben May Laboratory for Cancer 
Research, University of Chicago 37, Ill. U.S. A 
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acetamide or with isocyanur bromide'” 
yielded 23, 24-dinorchol-4-en-22-ol-3-one 
(IVa)!». 

The lithium aluminum hydride reduc- 
tion of methyl 3-keto-20-iso-23, 24-dinorchol- 
4-en-22-oate (V)® to diol mixture VII and 
the succeeding oxidation with N-bromo- 
acetamide furnished 20-iso-23, 24-dinorchol- 
4-en-22-o0l-3-one (VIIIa) in an overall yield 
of 72%. The same compound VIIla was 
also obtained from  3-keto-20-iso-23, 24- 
dinorchol-4-en-22-al® (VI) by sodium boro- 
hydride reduction followed by the selective 
oxidation with N-bromoacetamide. 

Treatment of methyl 3-keto-23, 24-dinor- 
chol-4-en-22-oate (I) with ethylene glycol 
in benzene solution in the presence of p- 
toluenesulfonic acid furnished methyl 3- 


‘ethylenedioxy - 23, 24-dinorchol-5-en-22-oate 


(IX), m. p. 188~189°C, ap—46°. The rota- 
tory dispersion curve'” of this compound 
(negative plain) is consistent with a 5-ene- 
ketal. Djerassi et al.'» have shown that 5- 
ene-steroids give negative plain dispersion 
curves. Acid hydrolysis of ketal ester IX 
regenerated methyl 3-keto-23, 24-dinorchol- 
1-en-22-oate (I). Reduction of ketal ester 
IX with lithium aluminum hydride gave 
3-ethylenedioxy -23, 24-dinorchol-5-en-22-ol 
(Xa), m. p. 181~182°C, ap—33°. Hydrolysis 
of ketal alcohol Xa gave 23, 24-dinorchol- 
4-en-22-o0l-3-one (IVa), which was identical 
with the sample derived from compound 
I or II through diols III. 

Addition of hypobromous acid to 3-ethyl- 
enedioxy-cholest-5-ene (XI) by means of 
N-bromoacetamide in dioxane containing 


11) In this case the yield was lower than that of the 
reduction by means of lithium aluminum hydride, 
probably owing to the formation of a small amount of 
by-products (saturated compound!?”?, etc.'%)) during the 
reduction with sodium borohydride 

12) F. Sondheimer et al., Chem. & Ind., 1954, 1482; 
J. K. Normberski and G. F. Woods, J. Chem. Soc., 
1955, 3426; C. Djerassi et al., J. Am. Chem. Soc., 79, 3528 
(1957) 

13) W. W. Zorbach, ibid., 75, 6344 (1953) 

14) Determination of the rotatory dispersion curve was 
kindly carried out by Professor Carl Djerassi of Wayne 
State University. The author wishes to express his 
hearty thanks to him. 

15) C. Djerassi. W. Closson and A. E. Lippman, J. Am. 
Chem. Soc., 78, 3163 (1956) 
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dilute perchloric acid yielded 68-bromo- 
cholestan-5a-ol-3-one (XII) in 50% yield’ 
Treatment of compound XII with sodium 
hydroxide in methylenechloride-methanol 
at room temperature gave 6a-hydroxy- 
cholest-4-en-3-one (XIV), which was con- 
verted into cholest-4-ene-38,6a-diol (XV)'” 
by lithium aluminum hydride reduction. 
Dehydrobromination of 5a -bromochol- 


16) Cf. S. Mori, K. Morita and F. 
Japan Acad., 32, 585 (1956). 

17) Y. Urushibara and K. Mori, Abstract of the 10th 
Annual Meeting of the Chemical Society of Japan, p. 204 
(1957). 

Detail of the experimental for preparation of cholest-4- 
ene-38, 6a@-diol (XV) from cholest-4-ene-3f-ol-6-one by 
hydride reduction was informed by Miss K. Mori to 
whom author’s thanks are due. 


Mukawa, Proc. 
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estane-38,68-diol diacetate (XVI)'® with 
boiling pyridine gave cholest-4-ene-38,68- 
diol diacetate (XVII). 

Oxidation of cholest-4-ene-3/, 68-diol 
(XVIII) and cholest-4-ene-38,6a-diol (XV) 
by means of about one equivalent of N- 
bromoacetamide gave cholest-4-en-68-ol-3- 
one (XIX) and cholest-4-en-6a-ol-3-one(XIV) 
in good yields, respectively. Proofs for 
these structures were obtained from their 
conversion into acetates and into 5a-chol- 
estane-3,6-dione by a reaction with hydro- 
chloric acid'». The method may be applica- 


18) Y. Ueno, J. Pharm. Soc. Japan (Yakugaku Zasshi), 
71, 1626 (1952). 

19) B. E. Ellis and V. A. 
1078. 


J. Chem. Soc., 1939, 


Petrow, 
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ble to a general synthesis of 63-hydroxy-3- 
keto-4-ene-steroids”’*» and of 6a-hydroxy- 
3-keto-4-ene-steroids”’’”. Amendolla_ et 
al.», reported that manganese dioxide oxi- 
dation of cholest-4-ene-38,68-diol (XVIII) 
gave cholest-4-en-6$-ol-3-one (XIX) in a 
good yield while the oxidation of cholest- 
4-ene-38,5a-diol (XV), in which Cc)-hy- 
droxyl group is equatorial, gave cholest-4- 
ene-3,6-dione even under mild conditions. 

It is noteworthy that on the N-bromo- 
acetamide oxidation of compound XVIII 
38-hydroxy group (quassi equatorial) was 
selectively oxidized whereas 68-hydroxy 
group (axial) remained unaffected. This 
fact is contrary to the general rule for 
the oxidation by means of N-bromoacet- 
amide to the effect that axial hydroxyl 
groups are more readily oxidized than 
equatorial ones. Lieberman and Fuku- 
shima*” reported the selective oxidation 
of cholest-5-ene-38,48,7a-triol 3-monoacet- 
ate (XX) to cholest-5-ene-3§, 48-diol-7-one 
3-monoacetate (XXI), in which quassi 
axial hydroxyl group 7a was selectively 
oxidized and axial hydroxyl group 4§ re- 
mained unaffected. It might be expected 
that N-bromoacetamide oxidation of allylic 
hydroxyl groups to give s-trans a, S-un- 
saturated ketones is easier than that of 
allylic hydroxyl groups to give s-cis a, j- 
unsaturated ketones. 


1051 (1951); 
J. Am. 


20) M. Ehrenstein et al., J. Org. Chem., 16, 
17, 1587 (1952); 19, 1331 (1954). L. F. Fieser, 
Chem. Soc., 75, 4377 (1953). 

21) F. Sondheimer et al., J. Chem. Soc., 1954, 1226; 
J. Am. Chem. Soc., 76, 5020 (1954). 

22) K. Morita, Proc. Japan Academy., 32, 588 (1956). 
23) S. Lieberman and D. K. Fukushima, J. Am. Chem. 
Soc., 72, 5211 (1950). 
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stigmasta-4, 22-dien-3-one 
(XXIID*? with lithium aluminum hydride 
gave a mixture of stigmasta-4, 22-dien-38- 


Reduction of 


ol and the corresponding 3a-ol. Oxidation 
of the mixture XXII by means of about 
one equivalent of N-bromoacetamide gave 
stigmasta-4, 22-dien-3-one (XXIII) in 80% 
yield. N-Halogen compounds may also be 
effective for the selective oxidation of al- 
lylic alcohols containing isolated ethylenic 
double bonds to a,f-unsaturated ketones 
without affecting the isolated double bonds. 


Experimental?) 


23, 24-Dinorchol-4-en-22-ol-3-one (IVa) .—a) 
From Methyl 3-Keto-23, 24-dinorchol-4-en-22-oate 
(1).—A mixture of 165mg. of ketoester I and 
100 mg. of lithium aluminum hydride in 15 ml. of 
anhydrous tetrahydrofuran was heated under 
reflux for 5hours. After careful decomposition 
of excessive lithium aluminum hydride with a 
small amount of water, tetrahydrofuran was 
evaporated under a reduced pressure. The solid 
was collected, dried, and washed well with di- 
oxane. Evaporation of the solvent under a re- 
duced pressure yielded a solid, m.p. 187~204°C, 
in a quantitative yield. 

A solution of the above solid (162.3mg.) in 
2ml. of benzene and 4 ml. of pyridine was treated 
with 82mg. of N-bromoacetamide at room tem- 
perature (17~18°C) for two and a half hours in 
the dark. The solution was diluted with benzene 
and washed successively with 10% aqueous sodi- 
um bisulfite, with 10% aqueous sodium hydroxide, 
with water, with dilute sulfuric acid, and again 
with water, and dried over anhydrous sodium 
sulfate. The solvent was evaporated under a 
reduced pressure, and 165mg. of a crystalline 
solid was obtained. The solid was dissolved in 
10 ml. of benzene and adsorbed on a column of 
alumina (5g.). Elution with ether gave 129 mg. 
(78% from I) of IVa with m.p. 135~136°C. Re- 
crystallization from aqueous acetone yielded 
pure IVa, m.p. 137~138°C, [a]}} +94 (C, 1.125), 
Amax 241 mp, loge, 4.20, »N¥%! 2.90 (OH), 6.09 (C= 
O), 6.184 (C=C). The melting point was not 
depressed on admixture with an authentic sample 
(m. p. 137.5~138°C) kindly provided by Dr. C. 
Meystre». 


24) G. Slomp, Jr., et al., ibid., 77, 1216 (1955) 

Cf. D. A. Shepherd et al., ibid., 77, 1212 (1955). 

25) All melting points are uncorrected. Rotations are 
all measured in chloroform solution. 
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Anal. Found: C, 79.51; H, 10.42. Calcd. for 
C2.H3,02: C, 79.95; H, 10.37%. 

b) From 3-Keto-23,24-dinorchol-4-en-22-al (II) 
by use of N-Bromoacetamide.—To a suspension of 
1.5 g. of keto aldehyde II in 90 ml. of methanol, 
a solution of 0.3g. of sodium borohydride in 0.7 
ml. of water and 15ml. of methanol was added 
with stirring at room temperature. After stand- 
ing for 2 hours at room temperature excessive 
sodium borohydride was decomposed by careful 
addition of a small amount of dilute acetic acid. 
Then the solution was poured into an excess of 
water. The solid was collected and well washed 
with water. The solid melted at 175~190C. 
Yield, 1.4g. 

The mixture, dissolved in 15ml. of benzene 
and 30ml. of pyridine, was treated with 700 mg. 
of N-bromoacetamide as described above, and 
870 mg. of compound IVa with m.p. 135~138 C 
was obtained. Identity was established by a 
mixed melting point determination. 

c) From 3-Keto-23,24-dinorchol-4-en-22-al (II) 
by use of Isocyanur Bromide'.—To a solution of 
5g. of keto aldehyde II in 100ml. of tetrahydro- 
furan, 2g. of sodium borohydride in 10ml. of 
water was added at room temperature. After 
allowed to stand overnight at room temperature 
the solution was poured into an excess of water. 
The solid was collected by filtration. The solid 
melted at 196~205°C. Yield, 4.8g. 

A mixture of 404mg. of the above solid, 25 ml. 
of tert-butyl alcohol, 1 ml. of pyridine and 205 mg. 
of 83%, isocyanur bromide!) was treated as usual, 
and 260mg. of compound IVa with m.p. 134~ 
138 C was obtained. 

d) From 3-Ethylenedioxy-23, 24-dinorchol-5-en- 
22-0l (Xa).—To a suspension of 128mg. of ketal 
alcoho! Xa in 13ml. of methanol, 1.3ml. of 8% 
(by volume) sulfuric acid was added, and the 
mixture was refluxed for one hour. A few drops 
of water were added and the precipitated needles 
were collected by filtration and recrystallized from 
aqueous acetone to give 72 mg. of IVa in needles, 
m. p. 137~138°C. The melting point was not de- 
pressed on admixture with the above samples. 

23, 24-Dinorchol-4-en -22-o01l-3-one acetate 
(IVb).—The substance was obtained in a usual 
way, and recrystallized from n-hexane, m.p. 
131~132°C, [al 95 (c, 1.248). 

Anal. Found: C, 76.89, H, 9.91. 
C2sH36O3: C, 77.37, H, 9.74%. 

When a mixture of 21mg. of the acetate IVb, 
3 ml. of methanol and 0.3 ml. of 0.8% (by volume) 
sulfuric acid was heated under reflux for 45 
minutes, compound IVa was obtained. 

23, 24-Dinorchol-4-en-22-ol-3-one tosylate 
(IVc).—To 249mg. of compound IVa in 2ml. of 
pyridine, 0.19 g. of p-toluenesulfonyl chloride was 
added and the mixture was allowed to stand 
overnight at room temperature. The mixture 
was poured into an excess of water. The solid 
was collected, washed with dilute hydrochloric 
acid and with water, dried, and recrystallized 
from acetone to give [Vc in plates, m.p. 175~ 
177°C (dec.), v¥¥k' 5.99 (C=O), 6.17, 6.24 (C=C), 


max 


7.30, 8.51 « (—O—SO,.—). 


Calcd. for 
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Anal. Found: C, 72.66, H, 7.05. 
C.9H3gSO,: C, 72.46, H, 7.55%. 

Methyl 3-Keto-23,24-dinorchol-4-en-22-oate 
(I).—-To a suspension of 50 mg. of ketal ester IX 
in 4ml. of methanol, 0.4ml. of 8% (by volume) 
sulfuric acid was added and the mixture was re- 
fluxed for 40 minutes. The solid soon disappeared 
and in about 10 minutes a new crystalline sub- 
stance began to separate out. The suspension 
was diluted with water and the solid (m.p. 170~ 
172 C; 45mg.) was collected and recrystallized 
from acetone to give I in crystals with m.p. 
178~180°C. The identity was established by a 
mixed® melting point determination. 

Methyl 3-Keto-20-iso-23, 24-dinorchol-4-en- 
22-oate (V).— 3-Keto-20-iso-23, 24-dinorchol-4-en- 
22-al (II) (391mg.) (m.p. 142~143°C from 
methylene chloride-isopropy! alcohol; reported m. 
p. 140~142°C®, 137.5~139°C**)), dissolved in 8 ml. 
of benzene and 8ml. of glacial acetic acid, was 
oxidized with 118mg. of chromic acid in 0.25 ml. 
of water and 8ml. of acetic acid according to 
Herr and Hey!". 

The ethereal extract was washed twice with 
10%, sodium carbonate. The sodium salt was 
collected centrifugally, and washed with ether. 
Treatment of the salt with 20% sulfuric acid 
gave 135mg. of 3-keto-23, 24-dinorchol-4-en-22-oic 
acid with m.p. 233~243°C, which gave a pure 
sample, m. p. 265~268°C, on recrystallization from 
methylene chloride-methanol. 

The alkaline solution was neutralized with 20% 
sulfuric acid and 262mg. of crude 3-keto-20-iso- 
23,24- dinorchol-4-en-22-oic acid with m.p. 201~ 
204°C was obtained. Methylation of the crude 
acid with diazomethane yielded 123 mg. of V with 
m.p. 118~121°C. Reported m.p. 119~121°C%. 

20-Iso-23, 24-dinorchol -4-en-22-ol-3-one 
(VIIla).— a) From Methyl 3-Keto-20-iso-23, 24- 
dinorchol-4-en-22-oate (V).—A mixture of 73.7 mg. 
of keto ester V and 52mg. of lithium aluminum 
hydride in 2ml. of tetrahydrofuran was treated 
in the same way as described above (reflux for 
5 hours) to give 73.4mg. of a mixture (VII) with 
m. p. 188~205°C. 

The above solid was dissolved in a mixture of 
lml. of benzene and 3ml. of pyridine and the 
solution was treated with 37mg. of N-bromo- 
acetamide (standing for 3 hours at room tempera- 
ture). After being treated as usual, the crystal- 
line residue (73.6mg.; m.p. 120~138°C) was 
dissolved in 10 ml. of benzene and adsorbed ona 
column of alumina (3g.). Elution with ether and 
recrystallization from aqueous acetone gave 53 
mg. of VIIla, m.p. 147~148°C, [a]#-> +96 (c, 
0.532), Amax 241myp, loge, 4.24, vN“e! 2.89 (OH), 
6.03 (C=O) 6.20% (C=C). 

Anal. Found: C, 79.90, H, 10.48. 
C22H34O2: C, 79.95, H. 10.37%. 

b) From 3-Keto-20-iso-23,24-dinorchol-4-en- 
22-al (VI).— To a mixture of 1g. of compound 
VI® in 60 ml. of methanol, a solution of 0.2g. of 
sodium borohydride in 1ml. of water and 5ml. 
of methanol was added with stirring at the room 


Caled. for 


Calcd. for 


26) K. Tsuda. R. Hayatsu, Y. Kishida and S. Akagi, 
J. Am. Chem. Soc., 8, 921 (1958). 
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temperature. After one hour the reaction mixture 
was diluted with water and the solid (m. p. 175~ 
195 C) was collected by filtration. Yield, lg. 

A mixture of 203.7 mg. of the above solid, 2 ml. 
of benzene, 5ml. of pyridine and 108.2mg. of N- 
bromoacetamide was treated in the same way as 
described above to give 135mg. of compound 
Villa with m. p. 145~147°C. The melting point 
was not depressed on admixture with the sample 
obtained above. 

20-Is0-23, 24-dinorchol-4-en-22-ol-3-one ace- 
tate (VIIIb).— The substance was prepared in 
the usual way from 34mg. of compound VIIIa. 
The crude substance showed m.p. 85~91°C, 
[ali +94 (c, 0.726). No attempt was made to 
purify it further, because only a few mg. of this 
substance which is crystallized with difficulty was 
available. 

20-Iso-23, 24-dinorchol-4-en-22-ol-3-one 
tosylate (VIIIc).—To 138 mg. of compound VIIIa 
in 3ml. of pyridine, 87mg. of p-toluenesulfonyl 
chloride was added and the mixture was left to 
stand overnight. Treatment in the usual way gave 
VIllc in plates with m. p. 176~178°C (dec.), vXus! 
5.99 (C=O), 6.20, 6.26 (C=C), 7.31, 8.514 
(—O—SO.—). 

Anal. Found: C, 72.35, H, 7.08. 
C2sH3sSO,: C, 72.46, H, 7.55%. 

Methyl 3-Ethylenedioxy-23, 24-dinorchol-5- 
en-22-oate (IX).—A mixture of 2 g. of compound 
I), 140m]. of dry benzene, 10ml. of ethyl- 


Caled. for 


ene glycol and 0.2g. of p-toluenesulfonic acid 
monohydrate was distilled until 30ml. of the 
distillate was azeotropically removed in about 1 
hour, and the mixture was refluxed for further 


8 hours*). After cooling, the mixture was ex- 
tracted with benzene, and the extract was washed 
with 10%, aqueous potassium carbonate and with 
water, and dried over anhydrous sodium sulfate. 
The solvent was evaporated under a reduced 
pressure, and the crystalline residue was recrys- 
tallized from acetone to give 1.4g. of IX in 
needles, m.p. 188~189°C, Lal 46 (c, 1.410), 


yN"el 5.80 (C=O). 7.95 (O—C—O—C), 9.25 4 
(ketal) ?>). 

Anal. Found: C, 74.64, H, 9.86. 
C2;H3,0,: C, 74.58, H, 9.51%. 

3-Ethylenedioxy-23,24-dinorchol-5-en-22-ol 
(Xa).—A mixture of 748mg. of ketal ester IX, 
170mg. of lithium aluminum hydride and 20 ml. 
of anhydrous tetrahydrofuran was treated in the 
same way as described above (reflux for 4 hours), 
and recrystallization of the product from methanol 
gave 610mg. of Xa in fine needles, m.p. 181~ 
182°C, [a]}5: 33 (c, 1.28). 

Anal. Found: C, 77.07, H, 
Co4H3s03: C, 76.96, H, 10.23%. 

3-Ethylenedioxy-23,24-dinorchol-5-en-22-ol 
acetate (Xb).— The substance was prepared in 
the usual way. Recrystallization from aqueous 


Caled for 


9.93. Caled for 


27) cf R. Antonucci, S. Bernstein, R. Littel, K. J. Sac 
and J. H. Williams, J. Org. Chem., 17, 1341 (1952). 

28) S. Bernstein, R. H. Lenhard and T. B. Williams, 
ibid., 19, 41 (1954). 


under a reduced pressure. 
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ethanol gave Xb in long needles, m. p. 122~123 C, 
(a}#-§ —32 (c, 1.75). 

Anal. Found: C,: 74.89, H, 
CopH4o04: C, 74.96, H, 9.6825. 

A mixture of 9mg. of acetate XIb, 3ml. of 
methanol and 0.3ml. of 0.8% (by volume) sul- 
furic acid was treated in the same way as de- 
scribed above (reflux for 50min.) to give IVa, 
m.p. and mixed m. p. 137~138°C. 

68-Bromocholestan-5a-ol-3-one (XII).—A 
suspension of 1g. of 3-ethylenedioxy-cholest-5-ene 
(XI) in 50ml. of dioxane and 3 ml. of water was 
mixed with 1ml. of 60% perchloric acid and 350 
mg. of N-bromoacetamide, and the mixture was 
shaken occasionally at room temperature. The 
whole solid soon went into solution and ina few 
hours a new solid appeared. After being kept 
overnight the suspension was diluted with 10 ml. 
of water and left to stand in a refrigerator for 
two hours, and the solid was collected, dried, 
and triturated with hot acetone to give 520mg. 
of XII melting at 176~178°C. Recrystallization 
from acetone raised the melting point to 181~ 
182°C (dec.), which ,was not depressed on ad- 
mixture with an authentic sample of XII*. 

Cholest-4-en-Ga-ol-3-one (XIV).—To a solu- 
tion of 59mg. of bromohydrin XII in 5ml. of 
methylene chloride and 10 ml. of methanol, 17 mg. 
of potassium hydroxide in 8.5ml. of methanol 
was added. After being kept at room tempera- 
ture overnight, the solution was neutralized with 
acetic acid and concentrated to half the volume 
Water was added and 
crystals were collected by filtration to obtain 
51mg. of XIV, m.p. 152~156°C. The melting 
point was raised to 160~161°C on recrystalliza- 
tion from aqueous ethanol. Identity was esta- 
blished by a mixed melting point determination. 

It was shown in a previous paper*) that sodium 
bicarbonate hydrolysis of 6$-chlorocholestan-5a- 
ol-3-one furnished compound XIV in a good yield 
while sodium bicarbonate hydrolysis of bromo- 
hydrin XII in the same manner as described 
previously furnished compound XIV only ina 
low yield. When a mixture of bromohydrin XII 
(0.4g.) in ethanol (30 ml.) and potassium bicarbo- 
nate (0.2g.) in water (3ml.) was heated under 
reflux for 5 hours, 0.35g. of 5a-cholestane-3, 6- 
dione was obtained, m.p. 169~170°C, [a]}} +5 
(c, 2.50). 

Cholest-4-en-38, 6a-diol (XV).—A mixture of 
108 mg. of XIV and 50mg. of lithium aluminum 
hydride in 3ml. of tetrahydrofuran was treated 
in the same manner as_ described above (reflux 
for 1 hour). The residue (107 mg.) exhibited 
m.p. 126~148°C, la]j§ +47 (c, 1.07). Two re- 
crystallizations from methanol gave 48 mg. of XV 
in needles, m. p. 178~179°C, [a]}} +31 (c, 0.388). 
Reported m.p. 175~178°C, [a]p +29°, 176~ 
177°C!, 178~179 C3. Identity was established 


10.00. Caled. for 


29) S. Mori and F. Mukawa, Proc. Japan Acad., 31, 
31 (1955). ef. D. H. R. Barton and E. Miller, J. Am 
Chem. Soc., 72, 1066 (1950). 

30) V. Prelog and E. Tagmann, Helv. Chim. Acta 
27, 1867 (1944). 

31) Y. Urushibara, This Bulletin, 16, 184 (1941). 
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yA 


by a mixed!) melting point determination. 

Cholest-4-ene-38,6f-diol (X VIII) .—5a-Bromo- 
cholestan-38, 6$-diol diacetate’) (2g.) in dry 
pyridine (15ml.) was heated under reflux for 8 
hours. The mixture was diluted with ice-cold 
water and extracted with ether. The extract 
was washed with diluted hydrochloric acid and 
with water, dried over anhydrous sodium sulfate, 
and evaporated. Recrystallizations (twice) from 
methanol gave 1.2g. of cholest-4-ene-33,6/-diol 
diacetate, m. p. 132~135°C. 

Hydrolysis of the diacetate (1g.) in methanol 
(20ml.) with potassium hydroxide (0.3g.) in 
methanol (3 ml.) at room temperature gave 0.7 g. 
of diol XVIII, m.p. 255~258°C. Identity was 
established by a mixed**) melting point deter- 
mination. 

Cholest-4-en-6§-ol-3-one (XIX).—A solution 
of 200 mg. of 38,6$-diol XVIII in 3 ml. of benzene 
and 4ml. of pyridine was treated with 72 mg. 
(1.05 equiv.) of N-bromoacetamide at room tem- 
perature for 18 hours. After being treated as 
usual, the crystalline residue was recrystallized 
from acetone—n-hexane to give 155mg. of XIX in 
needles, m. p. 185~189°C. The melting point was 
raised to 190~191°C by recrystallizations (twice) 
from acetone—n-hexane and was not depressed 
when mixed with an authentic sample of XIX. 

The identity was further established by con- 
version into the acetate, m.p. and mixed m.p. 
101~102°C, and into 5a-cholestan-3, 6-dione, m. p. 
and mixed m.p. 170~171°C, on treating with 
hydrochloric acid in ethanol. 

Cholest-4-en-6a-ol-3-one (XIV).—A solution 
of 157 mg. of 38,6a-diol XV in 3ml. of benzene 
and 4ml. of pyridine was treated with 57 mg. of 
N-bromoacetamide at room temperature over- 
night. After being treated as usual, the crystal- 
line residue was recrystallized from acetone-n- 
hexane to give 121mg. of XIV in needles, m. p. 
150~155°C. The melting point was raised to 
160~161°C when recrystallized from aqueous 


32) V. A. Petrow, O. Rosenheim and W. W. Straling, 
J. Chem. Soc., 1938, 677. 
33) L. F. Fieser, J. Am. Chem. Soc. 75, 4377 (1953). 
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ethanol. Identity was established by a mixed* 
melting point determination. 

The identity was further established by con- 
version into the acetate, m.p. and mixed*) m.p. 
103~104°C, and into 5a-cholestane-3, 6-dione, m. p. 
and mixed m.p. 170~171°C, on treating with 
hydrochloric acid in ethanol. 

Stigmasta-4, 22-dien-3-ol (X XII).—A mixture 
of 0.5g. of stigmasta-4,22-dien-3-one (XXIII)*”, 
m. p. 123~125°C, and 0.2g. of lithium aluminum 
hydride in 15 ml. of anhydrous tetrahydrofuran 
was treated in the same manner as described 
above (reflux for 1.5 hours) to give a mixture, 
m. p. 134~163°C, [a]}§ +32 (c, 1.57). It is pre- 
sumed that the mixture consists essentially of 
stigmasta-4, 22-dien-3f-0l and the corresponding 
3a-ol. 

Stigmasta-4, 22-dien-3-one (XXIII) .—A solu- 
tion of 200mg. of the above mixture (XXII) in 
3ml. of benzene and 4 ml. of pyridine was treated 
with 70mg. (1.05 equiv.) of N-bromoacetamide 
at room temperature for 2 hours. After being 
treated as usual, the crystalline residue was 
recrystallized from acetone to give 162mg. of 
XXIII in needles, m. p. 118~122°C. The melting 
point was raised to 126~127°C by three recrystal- 
lizations from acetone and was not depressed 
when admixed with an authentic sample of 
XXIII*). 

Ultraviolet and Infrared Absorption Spec- 
tra.— They were measured by use of Hitachi 
Photoelectric Spectrophotometer Model EPU-2 
and OY6-KOKEN- instrument, _ respectively. 
Samples for ultraviolet spectra were dissolved in 
95% ethanol. Infrared spectra were kindly 
measured at Institute of Physical and Chemical 
Research. 


The author is indebted to Professor S. 
Mori, Tokyo Metropolitan University, Dr. 
M. Nakamura, Director of this Institute, 
and Mr. R. Mamine, this Institute, for 
their encouragement. 


Sugiyama Chemical Research Institute 
Mure, Mitaka, Tokyo 
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In the previous report’, the present 
author described the synthesis of dl- 
sarkomycin (2-methylenecyclopentanone- 
3-carboxylic acid) (I) starting from ethyl 
cyclopentane-3-carboxylate” (II). 


CH; 
0, /\/COOH 


I II 


O VAN COOC2H; 


Though the alkyl cyclopentanone-3-car- 
boxylate (II) is a key substance for the 
preparation of dl-sarkomycin, the hitherto 
published methods are so complicated 
for the commercial preparation of alkyl 
cyclopentanone-3-carboxylate (II) that the 
present author has studied the synthesis 
of this intermediate by means of a new 
convenient route. 

It was found that the cyclopentanone- 
3-carboxylate (II) can be readily obtained 
by the thermal decomposition of monoes- 
ter of 1,2,4-butanetricarboxylic acid (3- 
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Fig. 1. 








1) I. Synthesis. of dl-sarkomycin (2-methylenecyclo- 
pentane-3-carboxylic acid). K. Toki, This Bulletin, 
30, 450 (1957). 


Synthesis of Sarkomycin. II 
Synthesis of Sarkomycin. II. A New Synthesis of the 
Alkyl Cyclopentanone-3-carbox ylate 


By Katsuyuki ToKI 


(Received September 11, 1958) 
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The new route for the synthesis of alkyl cyclopentanone-3-carboxylate. 













alkoxycarbonyladipic acid) (VI) which was 
prepared from butadiene (III) and alkyl 
acrylate (IV) according to the following 
new scheme. (See Fig. 1). 

Cyclohexene-4-carboxylate® (V) was pre- 
pared in a good yield (71.4%) by heating 
butadiene (III) with alkyl acrylate (IV) in 
an autoclave at 170~180° in the presence 
of polymerization inhibitors such as hydro- 
quinone. 

Monoester of 1,2,4-butanetricarboxylic 
acid (VI) was obtained by the oxidation” 
of V with potassium permanganate in a 
67.2% yield. While cyclopentanone-3-car- 
boxylic acid (X) could be prepared from 
the triester VII according to Kay’s 
precedure”, the  cyclopentanone-3-car- 
boxylate (II) was formed directly when 
monoester VI was heated at 200~300° at 


‘atmospheric pressure and then distilled 


under a reduced pressure. The cyclopen- 
tanone-3-carboxylate (II), thus obtained, 
was identical with the specimen prepared 
by Kay’s method”. 





COOR' Wi, 











-COOH 
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2) F. W. Kay et al., J. Chem. Soc., 89, 1640 (1906). 
3) Ger., Pat., 857, 637, Dec. 1, (1952). 
4) Brit. Pat., 688, 344, Mar. 4, (1953). 





































Experimental 


Methyl cyclohexene-4-carboxylate (V, R 
CH;).—A mixture of 86g. (1 mole) of methyl acry- 
late (IV, R=CHs;), 108g. (2 moles) of butadiene 
(III) and 1g. of hydroquinone was heated in an 
autoclave at 170° for twenty hours. The reaction 
mixture was distilled in vacuo to remove the 
polymeric materials and the distillate was frac- 
tionated through a Widmer-column. The fraction 
boiling at 182~185° (99~107° /100 mm.), nih 1.4574, 
was collected. The yield was 90g. (64.3%). 

Anal. Found: C, 68.56; H, 8.58. Calcd. 
CsH1202:C, 68.57; H, 8.57%. 

Ethyl cyclohexene-4-carboxylate 
C.H;).—A mixture of 100g. (1 mole) of ethyl 
acrylate (IV, R=C:2H;), 108g. (2moles) of but- 
adiene and lg. of hydroquinone was treated in 
the same manner as above. The yield of V (R 

C:H;), b.p. 105~110°/100 mm., was 110g. (71.4%). 

Anal. Found: C, 70.03; H, 8.88. Calcd. for 
CoH;,O2: C, 70.13, H, 9.09%. 

Monoester of 1,2,4-butanetricarboxylic 
acid (3-Alkoxycarbonyladipic acid (VI)).— 
a) Methylester.—Finely powdered potassium per- 
manganate (461 g.) was added in small portions 
to a mixture of 140g. (1 mole) of V and 2000 ml. 
of water with vigorous stirring over a period of 
five hours at temperatures below 50°. Manganese 
dioxide was filtered off and the filtrate was 
acidified with diluted hydrochloric acid and ex- 
tracted with ether in a large continuous extracter 
for five days. The ether layer was dried over 
anhydrous sodium sulfate, the ether was removed 
and the residue was then distilled in vacuo. The 
yield of VI, (R=CH;) b.p. 209~213°/0.4mm., was 


for 


(V, R 


137.1g. (67.2%). It was recrystallized from a 
mixture of ethyl acetate and petroleum ether, 
m.p. 95~97°. 

Anal. Found: C, 47.05; H, 5.79. Calcd. for 


CsHi20¢6: C, 47.06; H, 5.88%. 
b) Ethylester.—A suspension of 154 g. (1.0 mole) 


of V (R=C:Hs) in 2000 ml. of water was oxidized 
with 461g. of potassium permanganate in the 
same manner as described above. The yield of 


VI (R=CcHs), b.p. 217~220 
(64.2%). 

Anal. Found: C, 49.48; H, 
CoH14O6: C, 49.54; H, 6.42%. 

Diethyl methyl 1,2,4-butanetricarboxylate 
(VII, R=CH;, R'=C.H;s).—A mixture of 102g. 
(0.5 mole) of VI (R=—CH;), 1000ml. of absolute 
ethanol and 10g. of concentrated sulfuric acid 
was refluxed on a water bath for eight hours. 
After concentration of the reaction mixture, the 
residue was poured into ice and water. The oily 
layer was extracted with ether, washed with 5% 
aqueous sodium bicarbonate solution and dried 
over anhydrous sodium sulfate. The ether was 
removed and the residue was distilled under a 
reduced pressure. The yield of VII, b.p. 185~ 
190° /28 mm., nis 1.4412, was 80g. (61.5%). 

Anal. Found: C, 55.34; H, 7.53. Caled. 
Cy2H29O¢g: C, 55.38; H, 7.69%. 


0.5mm., was 140g. 


6.37. Caled. for 


for 


5) Butadiene was prepared by the procedure described 
in *‘ Organic Coll. Vol. II, John Wiley and 
Sons, Inc., 


Syntheses "’, 


New York (1943), p. 102. 
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Triethyl 1,2,4-butanetricarboxylate (VII, 
R=R'=C.H;).—A mixture of 109g. (0.5 mole) of 
VI (R=C2H;), 1000 ml. of absolute ethanol and 
10g. of concentrated sulfuric acid was refluxed 
on a water bath for eight hours. The reaction 
mixture was warked up in the same manner as 


above. The final product, b.p. 190~202 /24mm., 
weighed 73g. (53.3%). 
Anal. Found: C, 57.00; H, 8.00. Caled. for 


Ci3H220¢: C, 56.93; H, 8.03%. 

Methyl cyclopentanone-3-carboxylate (II, 
R=CH;).—After heating 51g. (0.25 mole) of VI 
(R=CH;) with lg. of barium oxide at 250~300° 
for 10~30 minutes, the mixture was distilled 
under a reduced pressure. The product came 


over at 122~125°/18mm. and weighed 10.2g. 
(28.7%). 
Anal. Found: C, 59.18; H, 7.00. Calcd. for 


C;H,,03: C, 59.15; H, 7.04%. 

The 2,4-dinitrophenylhydrazone melted at 182 
~184° (recrystallized from a mixture of ethyl 
acetate and petroleum ether). 

Ethyl cyclopentanone-3-carboxylate (II, 
R=C.H;) from VII(R=R'=C,H;).—Toa suspen- 
sion of 13g. of sodium-sand in 300ml. of benzene 
was added 137 g. (9.5 mole) of triethyl 1,2,4-butane- 
tricarboxylate (VII, R=R'=C:H;). When the 
vigorous reaction subsided, the reaction mixture 
was heated for two hours with stirring and 
acidified with diluted hydrochloric acid. 

The whole mixture was extracted with ether 
and the ether layer was washed with 5% aqueous 
solution of sodium bicarbonate and then with 
water. The ether solution was dried over an- 
hydrous calcium chloride, the ether was removed 
and the residue was distilled. The yield of 
diethyl cyclopentanone-2,3- and -2,4-carboxylates, 
b.p. 131~137°/0.6 mm., was 96g. (84%). 

A solution of 96g. (0.42 mole) of diethyl cyclo- 
pentanone-2,3- and -2,4-carboxylates in 1. of 8% 
sulfuric acid was boiled for three hours. Cyclo- 
pentanone-3-carboxylic acid (X) was extracted 
from the reaction mixture with ether, the ether 
layer was dried over anhydrous calcium chloride 
and the ether was distilled off. The residue was 
distilled at 138~145°/0.3mm., m.p. 64~65°, and 
weighed 45g. (83%). 

A mixture of 45g. (0.35 mole) of X, 180ml. of 
benzene, 75ml. of 99% alcohol and 4g. of p- 
phenolsulfonic acid was refluxed for two days, a 
water separator being used. The ethyl ester (II) 
was obtained in a yield of 51g. (93%): b.p. 127~ 
128° /20 mm. 

Anal. Found: C, 61.48 H, 
CsH,;203: C, 61.54; H, 7.69%. 
The 2,4-dinitrophenylhydrazone melted at 153 
~154°. 

Anal. Found: C, 
for Cys,H;eOgN,: C, 


7.63. Calcd. for 


19.77; H, 4.65; N, 16.93. Calcd. 
50.00; H, 4.76; N, 16.67%. 


Summary 


Cyclopentanone-3-carboxylate which is 
the starting material for the synthesis of dl- 
sarkomycin (2-methylenecyclopentanone- 
3-carboxylic acid) was obtained by a new 
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route from butadiene and alkyl acrylate 
through alkyl cyclohexene-4-carbonylate 
and thence 3-alkoxycarbonyl adipic acid. 


The author wishes to express his deep 
appreciation to Professor Shiro Akabori, 
Professor Hamao Umezawa and Professor 
Masanao Matsui, for their continuous 
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interest in this work. The author is also 
indebted to Mr. Noboru Nishimura for 
carrying out micro-analyses and Messrs. 
Hiroo Wada and Yoshio Suzuki for their 
kind collaboration. 


Osaka Works, Sumitomo Chemical Co., Lid. 
Konohana-ku, Osaka 


Effects of Dry Grinding on Kaolin Minerals. I. Kaolinite 


By Hiroshi TAKAHASHI 


(Received September 10, 1958) 


Considerable work has been done on 
the effects of dry grinding on clay minerals 
and related minerals, particularly kaoli- 
nite». The resolution of the grinding 
effects on kaolin minerals has proved 
helpful in the study of the structure of 
kaolin minerals. It is considered that 
understanding of the grinding process is 


useful for the study of weathering pro- 


cesses, soil fertility and the active solid. 

It is well known that the grinding of 
kaolinite increases the base exchange 
capacity, but there is no consistent ex- 
planation of this increase. In the result 
of study concerning the dry grinding effect 
of kaolinite, there are two lines of thought, 
at least. One asserts that the dry grinding 
of kaolinite brings about only a reduction 
in particle size of kaolinite owing to 
cleavage and fracturing of the kaolinite 
crystal. The cleavage and fracturing 
of kaolinite crystal increases the specific 
surface and the broken bond. These facts 
lead to an increase in the base exchange 
capacity. The other insists that the dry 


1) W. P. Kelly, W. H. Dore and S. M. Brown, Soil 
Sci., 31, 25 (1931). 
W. P. Kelly and H. Jenny, ibid., 41, 367 (1936). 
C. E. Marshall. J. Phys. Chem., 41, 935 (1937). 
M. L. Jackson and E. Truog, Soil Sci. Soc. Am., Proc., 
4, 136 (1939). 
B. T. Shaw, J. Phys. Chem., 46, 1032 (1942). 
W. D. Laws and J. B. Page, Soil Sci., 62, 319 (1946). 
Cc. W. Parkert, A. T. Perkins and R. D. Dragsdorf, 
Trans. Kansas Acad. Sci., 51, 386 (1950). 
R. D. Dragsdorf, H. E. Kissinger and A. T. Perkins, Soil 
Sci., 71, 439 (1951). 
S. J. Gregg, T. W. Parker and M. J. 
Min. Bull., 2, 34 (1953). 
S. J. Gregg, K. J. Hill and T. W. Parker, J. App. Chem., 
4, 631 (1954). 
S. 5. Gouge, T. W. 
4, 666 (1954). 


Stephens, Clay 


Parker and M. J. Stephens, ibid., 


grinding of kaolinite causes the formation 
of a zeolitic substance having a structure 
similar to that of the original kaolinite; 
that is, it distorts the lattice, and or 
decomposes kaolinite to alumina and silica 
gel. It is considered that wet grinding of 
kaolinite is effective in causing a change 
on the surface property but not in the 
structural change. 

Studies heretofore of the grinding on 
kaolin minerals have been made mostly 
by ball-milling. Incidentally, it was found 
by Mackenzie and Milne that mechanical 
mortar is very effective in causing a change 
in structure of mica”. From this point of 
view, effects of several-hundred-hours 
mechanical-mortar dry grinding of kao- 
linite were studied by X-ray diffraction, 
thermal, electron microscopic and other 
methods in this study. 

The purposes of this study are to obtain 
the fundamental information of the struc- 
ture of kaolinite and the correct explana- 
tion of the grinding process of kaolinite, 
and to present the variation of the grind- 
ing effects of kaolin minerals with respect 
to the crystallinity. 


Experimental 


The following kaolinites were investigated: 
Kaolinite from Mesa Alta, N. M., U.S. A.; 
Kaolinite from Drybranch, Geor., U.S. A.. Both 
clays are the API Standard Clay Minerals. The 
structural characteristics of these original clays 
were discussed in the previous paper), and from 


2) R. C. Mackenzie and A. A. Milne, Clay Min. 


Bull., 2, 57 (1953). 
R. C. Mackenzie and A. A. Milne, Min. Mag., 32, 178 
(1953). 

}) H. Takahashi, This Bulletin, 31, 275 (1958). 
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these results, it is found that Mesa Alta kaolinite 
is a triclinic in symmetry and so it has the 
highest degree of crystallinity of all kaolin 
minerals. The crystallinity of Drybranch kao- 
linite is somewhat lower than that of Mesa Alta 
kaolinite. 

A 30g. portion of the original kaolinite was 
charged and ground by a mechanical mortar 
(15.2cm. in diameter and 8.4cm. in depth). 
Specimens were taken out at intervals of 24 hour 
and examined by X-ray, thermal and electron 
microscopic method. In conjunction with the 
above measurements, base exchange capacity and 
density were measured. 

“ X-ray diagrams were recorded by an X-ray 
diffractometer (Geigerflex). Experimental con- 
ditions are as follows: filtered Cu radiation 
(CuKa: 1.5418 A) at 35 kV and 15 mA is used; 
scanning speed is 1° or 1/2° 24 per minute; time 
constant is 4 seconds; receiving slit is 0.2mm. 
or 0.1mm.; angular aperture is 1° or 1/2°. The 
differential thermal analysis curves were obtained 
by the apparatus described by Sudo et al.. Care 
was taken to pack a specimen into the sample 
block in a homogeneous manner and also keep 


——————E EEE Dranecsmeniiinn 
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Fig. l-a. X-ray diffractometer. traces of 
ground kaolinite (Mesa Alta, N. M.). 
A, original kaolinite 
B, ground 168 hours 
C, 168-hour-ground kaolinite 
with 0.1N NaOH 

D, 168-hour-ground' kaolinite treated 
with 0.1N HCl after 0.1N NaOH 

E, ground 312 hours 


treated 


4) T. Sudo, K. Nagasawa, M. Amafuji, M. Kimura, 


S. Honda and M. Tanemura, J. Geol. Soc. Japan 
(Chishitsu-Gaku Zasshi), 58, 679 (1952). 
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the weight of the specimen constant. The mean 
heating rate is 12.5°C per minute. The density 
was measured by pycnometer in carbon tetrachlo- 
ride. The base exchange capacity was measured 
by the following procedures. The specimen was 
treated with hydrochloric acid, thus convert it 
into ‘‘ hydrogen-clay’’, and after being washed 
with water was titrated with sodium hydroxide 
solution. The base exchange capacity was ex- 
pressed as the number of milli-equivalents of 
cation, per 100g. of specimen, required to bring 
the pH to 7. Measurements of the density and 
the base exchange capacity were made after it 
had been dried at 110°C to avoid the influence 
of the adsorbed water. Electron micrographs 
were obtained by a Hitachi HU-10A type Electron 
Microscope. 


Results and Discussion 


X-Ray Diffraction Studies. — X-ray dif- 
fractometer traces are shown in Figs. 1 
and 2. Figs. l-a and -b show the X-ray 
diffractometer traces at various stages of 
grinding of Mesa Alta kaolinite, and Figs. 
2-a and -b show that of Drybranch kao- 
linite. The data obtained from the X-ray 
diagrams are shown in Tables I and II. 

The following major differences, noted 
in the X-ray diagrams, were used as cri- 
teria to determine the structural charac- 
teristics: 


Degrees 20 Cu Kg 


Fig. 1-b. Detailed X-ray diffractometer 
traces of ground kaolinite (Mesa Alta, 
N. M.). 

A, original kaolinite 
B, ground 48 hours 
C, ground 96 hours 
B, ground 168 hours 
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TABLE I 
POWDER DATA OF GROUND KAOLINITE (MESA ALTA, N. M.) IN ANGSTROM UNITS 
Ground Ground 168 hr. 
Brindley and Original Ground Ground Ground 168 hr. treated with Ground 
Robinson Kaolinite 48 hr. 96 hr. 168 hr. treated with 0.1INHClafter 312 hr. 
0.1IN NaOH 0.1N NaOH 
. ‘a ‘ 
d I d I d I d I 
10.0 Wbr 9.6 Whbr 
aa 4 ‘ M 7.37 Mbr 7.5 Mbr 8.0 Mvbr 
.46 4: 4.44 Mbr 4.43 §S 
oe 


| 
} 


hki d I d 


tang 


N 
i 
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001 
020 
110 
111 
111 
021 
021 
002 
111 
112 
112 
022 
201, 130, 130 
131,112 
131, 200, 112 
003 
203, 131, 113 
113,131 
132, 040 
132, 220 .18 ; .19 
023,041 ois | 2.7 
1 222 2.06 
Key to Abbreviation: VS: very strong, S: strong, M: medium, W: weak, 
VW: very weak, br: broad, vbr: very broad. 


“I 


-14 
-47 
-35 
-18 


“ 


a -» 
wowdswWwwwwww fF Bb eB PB 


Qo, > > 


-85 
75 


mo & WO DD 


oO 


Mbr 4.0 Mvbr 


Ee a as 
SneaeRS32EE 20 


wmowwww wo 
a 


-75 VWbr 

56 Wbr 2.57 VWbr .58 VWbr 
.53 Wbr 

-50 Wbr 2.50VWbr .47 VWbr 
-39 Whbr 

.34 Wbr 2.34VWbr 

-29 Wbr 2.29VWbr .30 VWbr 


mS rw & b> 

“10 *® © > tO NY 
ww nww DY ND WD 
ww NH dH WwW WD WD 


dh bo 


29 
24 
-19 VWbr 


mS wO WO WS DW WD Po 


M 
Ww 
.34 M 
M 
Ww 
Ww 


owe © ©O 


2 
2. 
2. 


TABLE II 
POWDER DATA OF GROUND KAOLINITE (DRYBRANCH, GEOR.) IN ANGSTROM UNITS 


Ground 144 Ground 264 


Ground 264 
_ hr. treated <. hr. treated 
Original Ground Ground Ground 0.1N HCl Ground hr. treated with 0.1N 


Kaolinite 48 hr. 96 hr. 144 hr. after 0.1N 264 hr. = oa HCl after 
NaOH - 0.1N NaOH 

d TI § 2 d TI d TI 
Mbr 9.2VWvbr 8.5 VWvbr 


Ground 
384 hr. 


-22 VS 
45 S 
-20 


3.8 Mbr 3.7 Wvbr 
3.54 W 3.54 W 


-57 VWbr 
-50 VWbr 


.39 VWbr 
.35 VWbr 
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Rock aE 


Key to Abbreviation: VS: very strong, S: strong, M: medium, W: weak, 
VW: very weak, br: broad, vbr: very broad. 
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Fig. 2-a. X-ray diffractometer traces of 
ground kaolinite (Drybranch, Geor.). 
A, original kaolinite 
B, ground 144 hours 
C, 144-hour-ground kaolinite treated 
with 0.1N HCl after 0.1IN NaOH 

D, ground 264 hours 

E, 264-hour-ground kaolinite treated 
with 0.1N NaOH 

F, 264-hour-ground' kaolinite treated 
with 0.1N HCl after 0.1N NaOH 

G, ground 384 hours 
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Fig. 2-b. Detailed X-ray diffractometer 
traces of ground kaolinite (Drybranch, 
Geor.). 

A, original kaolinite 
B, ground 48 hours 
C, ground 96 hours 
D, ground 144 hours 


TAKAHASHI 


[Vol. 32, No. 3 


(1) Intensity and sharpness of the re- 
flections. 

(2) Number of reflections. 

(3) Change in the basal spacing. 

(4) Resolution between closely spaced 
reflections. 

(5) Absence of certain reflections. 

(6) Intensity of the background. 

As shown in Fig. 1 and Table 1, the 
original sample of Mesa Alta kaolinite has 
the structural characteristics with the 
highest degree of crystallinity, since the 
111 and 111 reflections are resolved each 
other and the 112, 112 and 022 reflections 
are present”. 

Important features of the initial stage 
of grinding are a decrease in the intensity 
of 00/ reflections; however, the breadth 
of 00/ reflections are considerably sharper 
than that of original kaolinite. In the 
48-hour-ground specimen, it is found that 
the intensity of 021 and 021 reflections 
decrease and 112, 112 and 022 reflections 
disappear, and that 111 and 111 reflections 
are nearly consistent. These facts show 
that the grinding causes some displace- 
ment of layers parallel with the b-axis in 
the structure of kaolinite. In the 96-hour- 
ground specimen, all reflections broaden, 
and the reflections of 110, 111, 021 and 021 
disappear. These facts suggest that the 
crystalline part of the specimen has a 
pseudemonoclinic in symmetry similar to 
that of kaolin mineral of fireclay type, 
which indicates the displacement of layers 
by nb,/3 along the b-axis. After grinding 
for 168 hours, the structure of this specimen 
has the lowest degree of crystallinity 
among the kaolin minerals with the ex- 
ception of halloysite which has a _ two- 
dimensional structure. That is, the assym- 
metric 02, 11 band and the broad band 
similar to that of 20, 13 band on the X-ray 
diagram of halloysite are observable. 
These facts mean that the structure of 
this specimen has a displacement of layers 
along the a-axis in addition to the dis- 
placement along the b-axis. In other 
words, it suggests that the two-dimensional 
kaolinite is formed by dry grinding. As 
shown in Fig. 1, after 312 hours, only two 
very broad bands are apparent. 

With the grinding progresses, the back- 
ground increases as the intensity of the 
reflections weaken. These facts lead toa 
non-crystalline substance is produced by 

5) G. W. Brindley and K. Robinson, Trans. Faraday 

Soc., 42B, 198 (1946). 


6) G. W. Brindley and K. Robinson, Trans. Brit. 
Ceram. Soc., 46, 49 (1947). 





March, 1959] Effects of Dry Grinding on Kaclin Minerals. I 








+ 


00 37 400 59° 





99100” Cc 6 





700. 900. 1100°C 
709 300 000! 1% © 
Fig. 4. Differential thermal analysis curves 


of ground kaolinite (Drybranch, Geor.). 
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Fig. 3. Differential thermal analysis curves 
of ground kaolinite (Mesa Alta, N. M.). 

A, original kaolinite . A, original kaolinite 
B, ground 48 hours B, ground 48 hours 
, ground 96 hours C, ground 96 hours 

ground 168 hours D, ground 144 hours 
, ground 312 hours E, ground 264 hours 


F, ground 384 hours 


TABLE III 
THERMAL DATA OF GROUND KAOLINITE (MESA ALTA, N. M.). 
(ALL TEMPERATURES ARE DEGREES CENTIGRADE) 
Ene 


En; ne Ey 
Grinding 
time 


(hr.) 


Breadth 
of (half value 
peak .of breadth) 


220 5.1 


Height Area 
of 
peak 


39 


Area 
of 
peak 
1080 


Temp. 
at 

peak 
966 C 


Temp. Height 
at of 
peak peak 


604°C 16 


Area 
of 
peak 


Height 
of 
peak 


Temp. 
at 
peak 
0 


48 
96 


Grinding 
time 
(hr.) 


0 
48 
46 


155°C 

170— 
-175- 

180— 


TABLE IV 
En, 
Height 


of 
peak 


Temp. 
at 

peak 

155°C— 6 

155— 

160— 

170— 

190 


90 
470 
890 

1110 


597 
554 
543 


12 
io 


Jv 


o 


960 
220 


35 


962 
961 
960 
937 


43 
60 
67 
58 


(ALL TEMPERATURES ARE DEGREES CENTIGRADE) 


Area 
of 
peak 


670 
1570 
1960 
1740 

910 


Temp. 
at 
peak 
592°C 
582 
554 
548 


Ex: 


Height 


of 
peak 


20 
15 
3 


9 


Area 


of 


peak 


1280 
750 
140 

70 


at 
peak 
964°C 
963 
958 
957 
956 
919 


Temp. 


240 
220 
240 
260 


THERMAL DATA OF GROUND KAOLINITE (DRYBRANCH, GEOR.). 


E; 


Height 


of 
peak 


41 
45 
48 
56 
58 


48 


Area 
of 

peak 
250 
270 
240 
250 
260 
260 


Breadth 
(half value 
of breadth) 


4. 
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dry grinding. To ascertain this fact, the 
following treatment was made. That is, 
the 168-hour-ground specimen of Mesa 
Alta kaolinite was treated with a weak 
alkali solution. It forms a permutite-like 
substance. When it is immersed in a weak 
hydrochloric acid solution to dissolve the 
gel-like substance, the crystalline portion 
of the specimen is left. Fig. 1-D shows 
the X-ray diffractometer trace of the 
remaining crystalline portion; this diagram 
closely resembles that of halloysite. X-ray 
data and the following electron micrograph 
(Fig. 8-F) reveal that the structure of the 
kaolinite has changed into a two-dimen- 
sional structure. 

In Drybranch kaolinite, as shown in Fig. 
2 and Table II, it follows just the same 
process as Mesa Alta kaolinite in dry 
grinding. The difference is only that the 
structure of the original sample has a 
slightly lower degree of crystallinity than 
that of Mesa Alta kaolinite, so, the time 
it takes to become amorphous is somewhat 
shorter than that of Mesa Alta kaolinite. 

Differential Thermal Analysis. — Dif- 


ferential thermal analysis curves and data 
of the grinding process of kaolinite are 


shown in Figs. 3 and 4 aud Tables III and 
IV. 

Measurements which were used are as 
follows: 

(1) The peak temperature, height and 
area of the first endothermic reaction (E»:) 
associated with the loss of the adsorbed 
water. The peak area was measured by 
planimeter from the base line of the 
thermal curve. 

(2) The peak temperature, height and 
area of the second endothermic reaction 
(Ex) associated with the loss of the lattice 
water. 

(3) The peak temperature, height, area 
and breadth of the final exothermic re- 
action (F,) corresponding to the mullite 
nucleation. 

The endothermic reaction(E,;) associated 
with the loss of adsorbed water, which is 
not present in the original sample, appears 
and its height and area increase; These 
phenomena mean that the substance pro- 
duced by the dry grinding adsorbs more 
and more water vapor as grinding pro- 
gresses. The peak temperature of this 
reaction gradually rises a little. This fact 
indicates that the water adsorbed by the 
ground substance is combined strongly as 
the grinding progresses. 

In the second endothermic reaction (Ex.) 
associated with the loss of the lattice 
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water, are observable a lowering in peak 
temperature, and a reduction in height 
and area. Finally this reaction disappears 
thoroughly. This corresponds with the 
gradual and complete disintegration of the 
kaolinite structure due to grinding. In 
the 96-hour-ground specimen of kaolinite, 
the X-ray diagram is similar to that 
of Kibushi-clay, but the height of this 
reaction is very small as compared with 
that of Kibushi-clay which is a kaolin 
mineral of fireclay type. This fact cor- 
responds to the increase of the background 
of this specimen in its X-ray diagram, 
that is, a considerable amount of non- 
crystalline substance is produced by dry 
grinding. 

In the exothermic reaction (F,), there 
are some interesting phenomena. The 
peak temperature falls very slightly. But 
after 312 hour grinding the peak tem- 
perature lowers remarkably although the 
peak area is relatively unchanged. Except 
for the 312-hour-ground specimen on which 
grinding had progressed to an extreme 
degree, the peak height increases while 
the breadth decreases. As shown in the 
X-ray results, the perfectly ordered struc- 
ture of kaolinite changes to a disordered 
structure as the grinding progresses. It 
is well known that the temperature range 
of the exothermic reaction (E,) of kaolin 
with a higher degree of crystallinity is 
narrower than that of kaolin with a lower 
degree of crystallinity”. 

It is, therefore, difficult to draw a con- 
clusion on the basis of the most important 
character of the exothermic reaction. 
Incidentally, it is known that the exother- 
mic reaction corresponds to the trans- 
formation of kaolinite into mullite. This 
transformation includes two elements of 
reaction, that is, nucleation of mullite and 
growth of mullite nuclei. Consequently, it 
is clear that kaolinite becomes liable to 
grow into mullite crystal from mullite 
nuclei produced by dry grinding. 

To ascertain the character of the exo- 
thermic reaction of the ground specimen, 
the X-ray diffractometer traces of ground 
specimens obtained just after the exother- 
mic reaction on the differential thermal 
analysis curves are recorded, which are 
given in Fig. 5. 

As the grinding progresses, the presence 
of the reflection line of mullite becomes 
clear. That is to say, development of the 


7) H. H. Murray, Am. Mineral., 39, 97 (1954). 
8) W. D. Jones, Min. Mag., 3, 186 (1953). 
G. W. Brindley and K. Hunter, ibid., 30, 574 (1955) 
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Fig. 5. X-ray diffractometer traces of ground 
kaolinite obtained just after the final exo- 
thermic reaction (E,) on the differential 
thermal analysis curve. 

A, original kaolinite (Mesa Alta, N. M.) 
B, ground 168 hours 
C, ground 312 hours 
D, original kaolinite (Drybranch, Geor.) 
E, ground 144 hours 
F, ground 384 hours 


mullite reflection corresponds to the in- 
creasing height of the exothermic peak as 
grinding progresses. 

The features of the exothermic reaction 
of kaolinite are different from that of 
halloysite with a lower degree of crystal- 
linity. Results of halloysite are reported 
in the following part III. From the com- 
parison with the result of the grinding 
effects of halloysite, it is concluded that 
a non-crystalline substance produced by 
dry grinding of kaolinite, even in the 312- 
hour-ground specimen of Mesa Alta 
kaolinite or the 384-hour-ground specimen 
of Drybranch kaolinite, is an allophanic 
substance rather than the perfectly amor- 
phous substance similar to the silica- 
alumina mixed gel. 

Base Exchange Capacity and Density.— 
In Fig. 6 are shown the changes in the 
base exchange capacity at various periods 
of grinding. 

As grinding progresses, the base ex- 
change capacity at first increases. After 
reaching a maximum value, it gradually 
decreases until it attains a constant value. 
These features on the base exchange 
capacity curve show that the broken bonds 
of kaolinite increase at first owing to the 
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Base exchange capacity (meq.) 


Grinding time (hr.) 
© Mesa Alta kaolinite 
@ Drybranch kaolinite 
Fig. 6. Curves showing the changes of the 
base exchange capacity with the time of 
grinding. 


cleavage and fracturing by dry grinding 
and that a non-crystalline substance 
gradually increases through dry grinding. 
These results support the thoughts of 
Laws and Page in the explanation of the 
increase on the base exchange capacity 
through dry grinding of kaolinite”. 

In Fig. 7 are shown the changes in the 
density at the various stages of grinding. 
As the grinding progresses, the density 
sharply decreases, but after reaching a 
certain point, it is maintained at a con- 
stant value. This constant value is nearly 
equal to the values of a silica-alumina- 
mixed gel or allophane which is a non- 
crystalline clay mineral. These facts show 
also that kaolinite changes to a non- 
crystalline or an amorphous substance by 
dry grinding. 

The point of bend in the density curve 
and the maximum point in the base 


cc.) 


(g. 


Density 





100 200 300 


Grinding time (hr.) 
> Mesa Alta kaolinite 
@ Drybranch kaolinite 
Fig. 7. Curves showing the changes of the 
density with the time of grinding. 





Hiroshi TAKAHASHI [Vol. 32, No. 3 


Fig. 8 Electron micrographs of ground kaolinite (Mesa Alta, N. M.). 


The linear dimension on the micrograph represents 0.1 . 


, original kaolinite 
ground 48 hours 
ground 96 hours 
ground 168 hours 
ground 312 hours 
168-hour-ground kaolinite treated with 0.1N HCl 
after 0.1N NaOH 
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Fig. 9 Electron micrographs of ground kaolinite (Drybranch, Geor.). 
The linear dimension on the micrograph represents 0.1 p. 


A, original kaolinite 
ground 48 hours 
ground 96 hours 
ground 144 hours 
ground 264 hours 
gronnd 384 hours 





244 Hiroshi TAKAHASHI 


exchange capacity curve are at nearly 
identical positions. In the light of the 
X-ray data, this stage seems to correspond 
to the point at which kaolinite changes 
into a zeolitic substance by dry grinding. 

Electron Microscopic Studies.— Figs. 8 
and 9 show electron micrographs of kao- 
linite after various periods of grinding. 
It is observable that, in the early stage of 
grinding, fine crystallites are produced 
by cleavage and fracturing of the kaolinite 
crystal. The fine crystallites reaggregate, 
and reaggregated particles become radial 
and the particle size increases, slowly 
changing into uniformly spherical parti- 
cles. The specimen with a radial shape 
has a zeolitic structure and is made of 
both crystalline and non-crystalline por- 
tions. That is, in this specimen, the non- 
crystalline substance produced by dry 
grinding falls between the crystalline 
substance. The crystalline portion in the 
zeolitic substance is separated by the 
alkali and acid treatment from the original 
ground speimen. Fig. 8-F shows the 
electron micrograph of this crystalline 
portion. As is clear from these electron 
micrographs and X-ray data, the crystal- 
line portion which makes a zeolitic sub- 
stance has a considerabiy lower degree of 
crystallinity than that of the original 
kaolinite. As was presumed from the 
results of Kibushi-clay and halloysite to 
be described in the following parts, it 
seems that these radial particles grow 
irregularly as the grinding further pro- 
gresses. 

If the mean sizes of the fine particles 
which are produced through dry grinding 
and those of the particles which are 
produced through the reaggregation of 
such fine particles are plotted against the 


Ned 
to 


Crystallite or reaggregated 
particle size (/) 





100 


Grinding time (hr.) 
> Mesa Alta kaolinite 
@ Drybranch kaolinite 
Fig. 10. Crystallite or reaggregated particle 
size of ground kaolinite plotted against the 
time of grinding. 
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grinding time, the results are as shown 
in Fig. 10. 

The curve, if extrapolated to zero time, 
indicates almost the same value of about 
200A for both kaolinites. Judging from 
this, it seems that the crystallites which 
separate from the original crystal during 
the early stage of grinding are about 200 
A in size. This value is consistent with 
the value in the ‘‘most dispersed state’’ 
of kaolinite in ball-milling obtained by 


Gregg et al., through the B. E. T. method”. 


Mechanism of Change in Kaolinite 
Structure with Dry Grinding. — When 
kaolinite is ground, kaolinite crystals 
cleave and fracture and then split into 
fine crystals that are considered unit 
crystallites. Such fine crystallites prompt- 
ly reaggregate in groups of several. The 
assemblages of the original kaolinite crys- 
tallites produced through dry grinding 
disintegrate partially into allophane or gel- 
like substances. These substances and 
crystalline particles promptly reaggregate. 

With grinding, the structure of the 
crystalline part of the reaggregated parti- 
cle slowly becomes disordered kaolin and 
as an increase in the amorphous part, the 
reaggregated particles of the disordered 
kaolin and the amorphous’ substance 
become radial. 

At a certain point in the grinding time 
corresponding to the maximum point on 
the base exchange capacity curve and the 
inflection point on the density curve, the 
particle becomes almost uniformly spheri- 
cal. The structure of this spherical 
particle is considered to be zeolitic. This 
structure, with continued grinding, changes 
finally into a structure similar to the 
perfectly amorphous structure as silica- 
alumina mixed gel and its particle size 
increases irregularly. 

The process of the structural change 
by dry grinding is the same in both Mesa 
Alta kaolinite and Drybranch kaolinite, 
except that the structural change of Dry- 
branch kaolinite occurs slightly faster 
than that of Mesa Alta kaolinite. This 
means that the grinding effect on kaolinite 
is related to the structural perfectness of 
the original kaolinite. This fact has been 
ascertained by the study of the dry grind- 
ing effect of all kaolin minerals. 


Summary 


The effects of several-hundred-hour 
mechanical-mortar dry grinding of kao- 
linite were studied by X-ray, thermal, 





A 
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electron microscopic and other methods. 
It has been found that there are two sorts 
of structural change in the process of dry 
grinding of kaolinite. One is the produc- 
tion of a non-crystalline substance attended 
by the disordering of the crystalline part, 
and the other is the reaggregation process. 
The process of the reduction in the particle 
size and the process of the production of 
the non-crystalline substance are connected 
to the process of the reaggregation. Ina 
certain stage of the dry grinding, the 
reaggregates are spherical particles which 
have a zeolitic structure. As the grinding 
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further progresses, the structure of the 
crystalline part in this radial particle 
becomes disordered due to the mechanical 
stress, and it changes into an amorphous 
substance at last. Consequently, the effect 
of dry grinding of kaolin mineral depends 
on the structural perfectness of alumino- 
silicate layers of the kaolin mineral, that 
is, the internal crystallinity of the kaolin 
mineral. 
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In the preceding part of this series, the 
effect of dry grinding of kaolinite was 
discussed.” From these results, it was 
ascertained that the dry grinding by a 
mechanical-mortar is more effective than 
that by ball-milling in its structural 
change, and the mechanism of the process 
of dry grinding of kaolinite was found. 
There are two sorts of change in struc- 
ture. That is, one is the production of a 
non-crystalline substance resulting from 
the disordering of acrystalline part. The 
other is the process of reaggregation. In 
a certain stage of grinding, a zeolitic 
structure is formed and it changes finally 
into an amorphous structure. 

A considerable amount of work was 
done on the grinding effect of kaolinite, 
but the grinding effects of kaolin minerals 
with the exception of kaolinite were not 
studied much. The disordering of kaolinite 
in the process of dry grinding follows 
each of the structural variations as re- 
ported by Brindley and Robinson”. From 
these facts, the effects of dry grinding of 
fireclay type kaolin mineral were studied 
with respect to the degree of crystallinity 
of the original structure. 


1) H. Takahashi, This Bulletin, 32, 235 (1959). 
2) G. W. Brindley and K. Robinson, Trans. Faraday 
Soc., 42B, 198 (1946). 


Experimental 


The sample used in this study is Kibushi-clay 
from Shidare, Gifu, Japan. This clay isa kaolin 
mineral of fireclay type and contains a little 
organic substance*®. The structural character- 
istics of this clay were discussed in the previous 
paper». The grinding conditions were the same 
as those of kaolinite described in the preceding 
part. The experimental specimens were examined 
by X-ray diffraction, differential thermal, electron 
microscopic and other methods. All experimental 
conditions were the same as those of kaolinite. 


Results and Discussion 


X-Ray Diffraction Studies.—X-ray dif- 
fractometer traces in the process of dry 
grinding of Kibushi-clay are shown in 
Fig. 1, and X-ray powder data observed 
from the X-ray traces are given in Table I. 
As shown in the X-ray diagram of the 
original sample, the structure of Kibushi- 
clay is similar to that of fireclay. That 
is, in the X-ray diagram, 020 and 110 
reflections are not resolved to each other 
and become a wedge-like band, 001 re- 
flection is considerably broad and weak, 
131,112 reflections are weak and 201,130 
reflections are broad. 


3) G. W. Brindley and K. Robinson, Trans. Brit. 
Ceram. Soc., 46, 49 (1947). 
4) H. Takahashi, This Bulletin, 31, 275 (1958). 
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TABLE I 
POWDER DATA OF GROUND KIBUSHI-CLAY IN ANGSTROM UNITS 
Ground 144 hr. 





. Original Ground Ground Ground treated with Ground Ground 
uteties ant Mebtesen clay 48 hr. 96 hr. 144hr. 0.1N HCl after 192hr. 384 hr. 
. 0.1N NaOH 
pitiie, potion a a _ aw Can initia 
d I hkl e f d I e # d I d I se a d I 
7.45 10 001 7.20 S 7.20 S 7.3 M br 7.7 M br 8.0 W vbr 
4.45 8 02,11 4.45 S 4.45 S 4.44 M br 
4.36 2 110 4.33 VW 
4.14 2 111 
3.97 10 002 3.58 S 3.56 S 3.57 M br 3.6 M br 3.7 Mvbr 3.5 Mvbr 3.6 W vbr 
2.55 7 201,130 2.56 M 2.57 M 2.57 W br 
2.53 W 2.55 VW 
2.50 7 131,200 2.50 M 2.50 M 
2.375 7 003 2.38 W 2.38 VW 
2.325 8b 202,131 2.34 M 2.34 M- 2.35 W br 


Key to Abbreviation: S: 


strong, M: medium, W: 


VW: very weak, 


weak, 


br: broad, vbr: very broad. 


When Kibushi-clay is ground, its struc- 
ture gradually becomes more and more 
disordered. That is, the background in- 
creases as the intensity of the reflection 
weakens. In the X-ray diagrams of the 
ground specimens during the early stage 
of grinding, a lowering in the intensity of 
001 reflections is remarkable, and the 
131,112,200 reflections are very indistinct 
in the ground specimen after 72 hours. 

In the X-ray diagrams of the ground 
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Fig. l-a. X-ray diffractometer traces of 
Kibushi-clay. (1) 
A, original Kibushi-clay 
B, ground 24 hours 
C, ground 48 hours 
D, ground 72 hours 
E, ground 96 hours 


B, 144-hour-ground Kibushi-clay treated 
with 0.1N HCl after 0.1N NaOH. 

C, ground 192 hours 

D, 192-hour-ground Kibushi-clay treated 
with 0.1N HCl after 0.1N NaOH. 


specimens after 96 hours, only 02,11 and 
20,13 bands are observable. When the 
144-hour-ground specimen which has an 
amorphous structure is treated with a 
weak alkaline solution, it changes into a 
permutite-like substance. In the next 
place, it is treated with a weak acid solu- 
tion to dissolve the amorphous substance 
produced by dry grinding. The X-ray 
diagram of the residual part produced by 
the above treatments is shown in Fig. 1-b-B 
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and its electron micrograph is shown in 
Fig. 6-F. The above-mentioned alkali-acid 
treatment was done for the 192-hour-ground 
specimen, too. The X-ray diagram of the 
residual part is shown in Fig. 1-b-D. As 
shown in this trace, the X-ray diagram is 
closely similar to that of the silica gel. 
This fact indicates that the crystalline 
part is absent in this specimen and it has 
changed into a gel-like substance. The 
specimen of Kibushi-clay ground after 
this stage gives a perfectly amorphous 
pattern in its X-ray diagram. The above- 
mentioned alkali-acid treatment of this 
specimen leaves only the impurities such 
as quartz. 


When the result of X-ray study in 
Kibushi-clay is compared with that of 
kaolinite, it is clear that Kibushi-clay 


takes to become amorphous in far shorter 
than grinding time the case of kaolinite. 
On the basis of the X-ray data in the 
various stages of grinding of Kibushi- 
clay, it can be concluded that the effects 
of dry grinding of kaolinite and Kibushi- 
clay depend on the perfectness of kaolin 
unit layer, that is, the internal degree of 
crystallinity. 

Differential Thermal Analysis.—Differ- 


Effects of Dry Grinding on Kaolin Minerals. II 


ential thermal analysis curves and data | 


of ground specimens of Kibushi-clay are 
shown in Fig. 2 and Table II. 

The tendency observed from the differ- 
ential thermal analysis curves are similar 
to those in the kaolin specimens, but 
the only difference observable is that all 
of them have a broad exothermic reaction 
at about 600°C caused by the presence of 
some organic substances. 

The first endothermic reaction (E,;) as- 
sociated with the loss of adsorbed or 
inter-layer water, which is not so remark- 
able in the original sample, becomes ap- 
parent and its height and area grow as 
the grinding progresses. These phenomena 
mean that the substance produced by the 
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fv | 
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Fig. 2. Differential thermal 

curves of ground Kibushi-clay. 
A, original Kibushi-clay 
B, ground 48 hours 
C, ground 96 hours 
D, ground 192 hours 
E, ground 384 hours 


analysis 


grinding adsorbs water vapor and its 
quantity increases with grinding. The 
peak temperature of this reaction rises 
slightly. This fact suggests that the sub- 
stance produced by the grinding adsorbs 
more and more strongly the water vapor 
as the grinding progresses. 

In the second endothermic reaction (En) 
associated with the loss of lattice water, 
a lowering in its peak temperature, and 
a reduction in the peak height and area 


TABLE II 
THERMAL DATA OF GROUND KIBUSHI-CLAY 
(ALL TEMPERATURES ARE DEGREES CENTIGRADE) 


En En2 E, 
Grinding % 
time Temp. Height Area Temp. Height Area Temp. Height Area Breadth 
(hr.) at of of at of of at of of (half value 
peak peak peak peak peak peak peak peak peak of breadth) 
0 130 1 140 574°C 14 740 945°C 13 140 10.5°C 
48 —140— 12 1320 563 12 480 941 28 160 6.4 
96 —145— 10 1410 551 7 260 + 941 36 180 4.6 
192 —160— 10 1830 534 1 30 940 53 220 3.9 
384 —180— 10 1780 -- ~ — 960 15 200 14.0 
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are observable. Finally, this reaction 
disappears completely. This leads to the 
disintegration of kaolin structure while it 
is being ground for long periods. 

The final exothermic reaction (E,) which 
corresponds to the mullite nucleation, is 
somewhat different from that of kaolinite. 
The peak temperature tends to fall, though 
very slightly, up to 192 hours of grinding. 
Except for the 384-hour-ground specimen, 
the peak height and area of the other 
specimens increase and the peak breadth 
is reduced. For the 240-hour-ground speci- 
men, the peak temperature is almost the 
same as that of the 192-hour-ground speci- 
men but the breadth is broader. In the 
384-hour-ground specimen, the peak tem- 
perature rises above that of all other 
ground specimens, and the height and the 
area are smaller than those of the 192-hour- 
ground or the 240-hour-ground specimens. 
These facts mean that the structure of 
a non-crystalline substance produced by 
dry grinding changes into a more dis- 
ordered structure as the grinding pro- 
gresses. In the early stage of grinding, 
the strcture of a non-crystalline substance 
becomes to some extent a regular struc- 
ture which is related to the original kaolin 
structure, but the structure of the 384- 
hour-ground specimen is not regular, it is 
an entirely disordered gel-like substance. 
From these facts, it might be seen that 
the temperature for the transformation of 
kaolin into mullite is high. 

As shown in Figs. 2-D and -E, the slight 
endothermic reaction is observable just 
before the exothermic reaction. It has 
been known that the presence of this 
slight endothermic reaction is observable 
on the thermal curve of kaolin mineral 
with the highest degree of crystallinity”. 
The 192-hour-ground specimen of Kibushi- 
clay has a non-crystalline structure ac- 
cording to the X-ray and other data. Why 
does this slight exothermic reaction exist 
in this specimen? It is difficult to draw 
a conclusion as yet. But it is supposed 
that this fact is related to the considerable 
sharpness of the peak of the exothermic 
reaction and its remarkable height. There 
are two interpretations of this fact. One 
is that the way of transformation of 
kaolin into mullite is different from that 
of the original sample, and the other is that 
the tranformation of kaolin into mullite 
becomes more liable to grow than in the 
case of the original sample. 


5) H. H. Murray, Am. Mineal., 39, 27 (1954). 
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To ascertain the character of the final 
exothermic reaction, X-ray diagrams were 
taken of some specimens after the exo- 
thermic reaction on the _ differential 
thermal analysis curve. Their traces are 
shown in Fig. 3. 
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Degrees 20 Cu Kg 
M: Mullite, Q: Quartz 

Fig. 3. X-ray diffractometer traces of 
ground Kibushi-clay obtained just after 
the final exothermic reaction (EF,) on 
the differential thermal analysis curve. 
A, original Kibushi-clay 
B, ground 96 hours 
C, ground 192 hours 


In this case, too, it is indicated that as 
the grinding progresses, the reflection line 
of mullite crystal becomes clear. The 
final exothermic reaction has two elements, 
that is, the nucleation of mullite from the 
original kaolin mineral and the growth of 
mullite crystal from the mullite nuclei. 

This is true because the presence of 
this weak endothermic reaction in the 
kaolin mineral with the highest degree of 
crystallinity corresponds to the nucleation 
of mullite. In the case of this ground 
specimen, it is clear that the nucleation 
of mullite from the kaolin mineral is easy, 
but the crystal growth of mullite nuclei 
is hard. But in the case of the ground 
specimen such as the 192-hour-ground 
Kibushi-clay, the presence of its endother- 
mic reaction corresponds to the crystal 
growth of mullite nuclei. That is in the 
192-hour-ground specimen or the 384- 
hour-ground specimen of Kibushi-clay, 
though the nucleation of mullite from the 
kaolin mineral is hard, the crystal growth 
of mullite nuclei is easy. Consequently, 
in the specimen of Kibushi-clay which is 
ground for a long period, the temperature 
of the transformation into mullite rises, 
because the nucleation of mullite is hard. 
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But, as the crystal growth of mullite 
nuclei is easy and rapid, the reflection of 
mullite is distinctly detected in its X-ray 
diagram, and so the height of the ex- 
othermic peak increases. 

Base Exchange Capacity and Density.— 
In Fig. 4 are shown the changes of the 
base exchange capacity with the grinding 
time. Measurements were made on the 
dried specimens. 


Base exchange capacity 





Grinding time (hr.) 


Fig. 4. Curve showing the change of 
base exchange capacity with the time 
of grinding. 

o2---- : The change in the grinding 
process of Mesa Alta kaolinite. 


In this figure, the change in the grinding 


process of Mesa Alta kaolinite is drawn. 


for reference. 

The features obtained from the curve 
of base exchange capacity are slightly 
different from those of kaolinite. The 
maximum point is observable on the base 
exchange capacity curve of the grinding 
process of kaolinite, but it is not distinct 
on this curve. As shown in the micrograph 
of the original clay to be noted in the 
following section, the particle size of the 
original Kibushi-clay is very fine as com- 
pared with that of other kaolin minerals. 
Therefore, the fracturing into crystallites 
from the original crystal during the early 
stage of grinding is not so remarkable as 
that of kaolinite. In this clay, an increase 
in the broken bond which results in an 
increase of the capacity is not remarkable. 
As the result, it seems that the maximum 
point on the base exchange capacity curve 
is unobservable. In this case, the change 
of the base exchange capacity depends 
mainly on the production of a non-crystal- 
line substance by dry grinding. This 
tendency also supports the thought shown 
by Laws and Page in the explanation for 
the change of the base exchange capacity 
due to dry grinding”. 


6) W.D. Laws and J. B. Page, Soil Sci., 62, 319 
(1946). 
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Density (g./cc.) 








Grinding time (hr.) 


Fig. 5. Curve showing the change of 
density with the time of grinding. 
a----- : The change in the grinding 
process of Mesa Alta kaolinite. 


In Fig. 5 are shown the changes of the 
density with the grinding time. Measure- 
ments were made on the dried specimens. 

In this figure, the change of density in 
the process of grinding of Mesa Alta 
kaolinite is drawn for reference. As the 
original sample of Kibushi-clay contains 
only a little organic substance, its density 
value is small. 

As the grinding progresses, the density 
sharply decreases, but after reaching a 
certain point, it is maintained at a con- 
stant value. This constant value is nearly 
equal to the value of a silica-alumina 
mixed gel or allophane. These facts mean 
that Kibushi-clay changes into a non- 
crystalline substance by dry grinding. 

Electron Microscopic Studies.— Fig. 6 
shows the electron micrographs in the 
various periods of grinding of Kibushi- 
clay. The original clay is very fine and 
hexagonal platty, and the particle has a 
considerably sharp edge. In the early 
stage of grinding, fine crystallites sepa- 
rated from the original crystal are obser- 
vable. These fine crystallites are nearly 
hexagonal and platty. As the grinding 
progresses, the fine crystallites promptly 
reaggregate, and reaggregated particles 
become spherical and the particle size in- 
creases gradually. As the grinding fur- 
ther progresses, the irregular growth of 
particles is observable. On the basis of 
the results obtained through the X-ray 
and other methods, it is understood that 
this irregular growth of reaggregated 
particles indicates that an amorphous 
substance is produced by dry grinding. 
The same thing is also found in halloysite 
as shown latter. 

If the mean sizes of the fine particles 
which are produced through dry grinding 
and the particles which are produced by 
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Fig. 6. Electron micrographs of ground Kibushi-clay. The linear 
dimension on the micrographs represents 0.1 /. 


A, original Kibushi-clay 

B, ground 48 hours 

C, ground 96 hours 

D, ground 192 hours 

E, ground 384 hours 

F, 144-hour-ground Kibushi-clay treated with 0.1N HCl after 
0.1N NaOH. 
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the reaggregation of such particles are 
plotted against the grinding time, the 
results are as shown in Fig. 7. 
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Fig. 7. Crystallite or reaggregated par- 
ticle size of ground Kibushi-clay plotted 
against the time of grinding. 

w----- : The change in the grinding 
process of Mesa Alta kaolinite. 


In this figure, the curve showing the 
change of the crystallite or reaggregated 
particle with the grinding time in Alta 
kaolinite is drawn for reference. 
curve, if extrapolated to zero time, in- 
dicates the value of about 200A. This 
value is the same as that in the case of 
kaolinite. As in kaolinite, in Kibushi- 
clay, too, the crystallites produced in the 
early stage of grinding seem to have about 
200 A in size. It is supposed that the time 
when the irregular growth begins is related 
to the degree of crystallinity of the original 


The. 
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sample. This tendency is found also in 
halloysite. That is, the lower the crystal- 
linity, the faster the irregular growth. 


Summary 


The effects of several-hundred-hour 
mechanical-mortar dry grinding of Kibu- 
shi-clay which is a kaolin mineral of 
fireclay type were studied by X-ray dif- 
fraction, thermal, electron microscopic 
and other methods and compared with 
those of kaolinite. It has been found that 
the process of a production of a non- 
crystalline substance attended with a 
disordering of a crystalline part and the 
process of a reaggregation are present in 
the dry grinding of Kibushi-clay as in 
kaolinite. Finally, Kibushi-clay changes 
into an amorphous substance as the result 
of dry grinding. In a certain stage of 
grinding, a zeolitic structure is formed. 
As the grinding progresses, the particle 
size increases owing to reaggregation. 
When an amorphous substance like silica- 
alumina mixed gel is produced, the par- 
ticle size grows irregularly. In Kibushi- 
clay, the time it takes to become amor- 
phous by dry grinding is shorter than in 
the case of kaolinite. Consequently, the 
effects of dry grinding of kaolinite and 
kaolin mineral of fireclay type depend on 
the structural perfection of unit layers of 
the original kaolin minerals. 
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In the preceding parts of this series, 
the effects of dry grinding of kaolinite 
and Kibushi-clay have been _ studied”. 
From the results, a common mechanism 
in the structural change of kaolinite and 
Kibushi-clay by dry grinding was pre- 
sented. That is, in the process of dry 
grinding, the separation into unit crystal- 
lites from the original crystal, the reag- 
gregation of crystallites, the production 
of a non-crystalline material, the disorder- 
ing of the crystallites, the reaggregation 
of crystallites and a _ non-crystalline 
material, the formation of a zeolitic struc- 
ture in a certain period of grinding and 
the change into an amorphous substance 
such as silica-alumina mixed gel are ob- 
servable. The effects of grinding of hal- 
loysite have been little studied so far. In 
this paper, the effects of dry grinding of 
halloysite are studied with respect to the 
degree of crystallinity of kaolin minerals 
with various degrees of crystallinity. 


Experimental 


The following samples were used in this study: 
Halloyste from Spruce Pine, N.C., U.S.A.; 
Halloysite from Bedford, Ind., U.S. A.; Halloysite 
from Tintic, Utah, U.S.A. These samples are 
the API Standard Clay Minerals and their struc- 
tural characteristics are discussed in the pre- 
vious paper?. As shown in the paper, it is 
considered that the structural differences among 
varieties halloysite chiefly depend on the internal 
variations rather than their stacking variation. 
Of halloysite, Spruce Pine halloysite has the 
highest degree of crystallinity. This was as- 
certained by the electron diffraction method”. 
Bedford halloysite has a lower degree of crystal- 
linity than Spruce Pine halloysite. Tintic hal- 
losite has the lowest degree of crystallinity of 
all the kinds of halloysite used in this study. 
Both Bedford and Tintic halloysite are partially 
hydrated halloysites. 

The grinding conditions were the same as for 
kaolinite described in part I of this series. Ex- 
perimental specimens were examined by X-ray 
diffraction, thermal, electron microscopic and 


1) H. Tahakashi, This Bulletin, 32, 235, 245 (1959). 

2) H. Takahashi, ibid. 31, 275 (1958). 

3) G. Honjo and K. Mihama, Acta Cryst., 7, 5ll 
(1954). 


other methods. The experimental conditions 
were the same as for kaolinite. The base ex- 
change capacity and the density in various stages 
of dry grinding were measured after the speci- 
mens had been dried at 110°C in order to avoid 
the effect of the inter-layer or adsorbed water. 


Results and Discussion 


X-Ray Diffraction Studies.—X-ray dif- 
fractometer traces in the processes of 
grinding of halloysite are shown in Fig. 
1. Figs. l-a, -b and -c show the X-ray 
diffractometer traces of Spruce Pine hal- 
loysite, Bedford halloysite and Tintic hal- 
loysite, respectively. In Tables I-a, -b 
and -c, the interplanar spacing and the 
relative intensity measured from their X- 
ray diagrams are given. 


ut 


Cc 
D 
a ee ee ee ee 
10 20 30 
Degrees 20 Cu Kg 
Fig. l-a X-ray diffractometer traces of 
ground halloysite (Spruce Pine, N.C.). 
A, original halloysite 
B, ground 48 hours 


C, ground 96 hours 
D, ground 192 hours 
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When halloysite is ground, it gradually 
assumes a more and more disordered struc- 
ture; that is, the background increases as 
the intensity of the reflection weakens. 
In the X-ray diagrams of the original 
samples of Bedford and Tintic halloysite 
which are partially hydrated halloysites, 
the reflection of about 10 A spacing is pre- 
sent in both original samples. It is known 
that this reflection indicates the presence 
of a hydrated halloysite in these samples. 
This reflection is observable even in the 
96-hour-ground specimen of Tintic hal- 
loysite and the 144-hour-ground specimen 
of Bedford halloysite. This fact indicates 
that the loss of the inter-layer water due 
to the heat caused by dry grinding does 
not occur in these specimens. This leads 
to the theory that the dry grinding does 
not produce so much local heat. The 
intensity of all the reflections apparent 

Degrees 20 Cu Ka in the X-ray diagrams decreases as the 
Fig. 1-b. X-ray diffractometer traces of grinding progresses. The manner of the 
ground halloysite (Bedford, Ind.). disappearance of the reflections depends 


A, original halloysite on the degree of crystallinity of original 


B, ground 48 hours halloysite samples. In the X-ray diagram 
C, ground 96 hours of the 144-hour-ground specimen of Tintic 
D, ground 144 hours halloysite which has the lowest degree of 
E, ground 312 hours crystallinity in the original state, 02,11 


bands are not distinct and very diffuse. 
Whereas, in the X-ray diagram of the 
144-hour-ground specimen of Bedford hal- 
loysite, the reflection is considerably dis- 
tinct though its intensity lowers. As the 
grinding progresses further, the X-ray 
diagram of this specimen comes to corre- 
spond to the amorphous pattern. In 
Spruce Pine halloysite, which has the 
highest degree of crystallinity of all the 
kinds of halloysite, all reflections in the 
X-ray diagram are considerably distinct 
even with a 192-hour-ground specimen. 

In the early stage of grinding of all 
halloysite, the lines of basal reflections 
become sharp as compared with those of 
the original samples. This tendency is 
observable also in the case of kaolinite. 
The structure of halloysite is pseudo- 
hexagonal in symmetry, and is nearly 
two-dimensional”. The structure of hal- 
loysite is not precisely two-dimensional ; 
however, if it is supposed that the theory 

Degrees 20 Cu Ka of the reflection of the two-dimensional 

Fig. 1-c. X-ray diffractometer traces of lattice is applicable to the structure of 
ground halloysite (Tintic, Utah). halloysite, the crystallite dimension in the 
process of grinding can be calculated from 


A, original balloysite the breadths of reflection lines”. It is 


B, ground 48 hours 
nd 96 hours 
B, grou 9 4) G. W. Brindley and K. Robinson, Min. Mag., 28, 
D, ground 144 hours 393 (1948) 
E, ground 240 hours 5) B. E. Warren, Phys. Rev., 59, 693 (1941) 
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TABLE I-a 
POWDER DATA OF GROUND HALLOYSITE (SPRUCE PINE, N.C.) IN ANGSTROM UNITS 
Original Ground Ground Ground 
Brindley and Robinson Halloysite 48 hr. 96 hr. 192 hr. 
d I 00/1 or hk d I d I d I d I 
7.2~7.5 8 001 7.18 vs 7.15 vs 7.20 S 7.3 M 
4.422 10 02,11 4.44 S 4.44 S 4.43 M br 4.3 M vbr 
3.578 8 002 3.57 S 3.58 S 3.59 M 4.5 W br 
2.559 7 13, 20 2.56 M 2.57 M 2.7 W br 2.57 W vbr 
2.53 Ww 
(2.48) 2.49 M 2.49 Ww 2.49 Vw 
2.403 2 003 2.38 WwW 2.39 Ww 2.36 Vw 
(2.33) 2 2.33 M 2.33 WwW 2.30 Vw 
2.218 1 04, 22 2.29 WwW 
1.997 MW 1.994 W 
1.800 1 004 
1.678 5 31,15, 24 1.670 MW 1.67 W br 1.68 VW br 
1.481 8 06, 33 1.488 M 1.49 MW br 1.49 VW br 
Key to Abbreviation: VS: very strong, S: strong, M: medium, MW: medium weak, 


W: weak, VW: very weak, br: broad, vbr: very broad. 


TABLE I-b 
POWDER DATA OF GROUND HALLOYSITE (BEDFORD, IND.) IN ANGSTROM UNITS 


Original halloysite Ground 48 hr. Ground 96 hr. Ground 144 hr. Ground 312 hr. 


d I d I d I d I d I 
9.6 W br 9.8 W br 9.8 VW br 8.5 VW vbr 
7.3 S 75 S 7.5 S br 7.5 M vbr 
4.45 vs 4.45 S 4.45 S 4.44 M 
3.63 M br 3.67 M 3.69 M 3.65 W br 4.0 W vbr 
2.57 M br 2.87 M br 2.57 M br 2.56 W vbr 
1.80 W 
1.68 M br 1.68 W br 
1.48 M br 1.48 W br 1.48 W br 

Key to Abbreviation: VS: very strong, S: strong, M: medium, W: weak, 

VW: very weak, br: broad, vbr: very broad. 


TABLE I-c 
POWDER DATA OF GROUND HALLOYSITE (TINTIC, UTAH) IN ANGSTROM UNITS 


Original halloysite Ground 48 hr. Ground 96 hr. Ground 144 hr. Ground 240 hr. 


d I d I d I d I d I 
10.1 M 10.0 M 10.0 M br 8.2 M vbr 8.1 W vbr 
7.37 S 7.36 S 7.3 M br 
4.44 VS 4.44 VS 4.44 M 
3.66 M br 3.61 M 3.54 M br 3.6 M vbr 3.5 M vbr 
2.56 M br 2.56 M br 2.56 W br 
1.68 M br 1.68 W br 
1.48 M br 1.48 M br 1.48 W br 


VS: very strong, S: strong, M: medium, W: weak, 
br: broad, vbr: very broad. 


Key to Abbreviation: 


the line breadth is due to a reduction in 
crystallite size or a remarkable distortion 
of lattice. These two elements which cor- 
respond to the broadening in the line 
breadth are related to a lowering in the 
degree of crystallinity. Therefore, the 


known that the breadth of a reflection 
line is determined by two factors, that is, 
the particle size and the distortion of 
lattice. These factors must be separated 
for the precise measurement of crystallite 
dimension”. However, the broadening of 





6) C. R. Houska and B. E. Warren, J. Appl. Phys., 25, 
1503 (1954). 


crystallite dimensions obtained from the 
line breadth seem to be terms which re- 
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present the relative degree of crystallinity 
of the specimens rather than the real 
crystallite sizes. To calculate the crystal- 
lite dimension from the line breadth, 
Bragg’s equation was used for the dimen- 
sion along the c-axis (L.) from 001 reflec- 
tion”, and Warren’s equation was used for 
the dimension of the broadening, parallel 
to the layer plane of crystallite (L.) from 
02,11 band». Fig. 2 shows the changes 
of the crystallite dimensions with the 
grinding time. 


Crystallite dimension (A) 





Grinding time (hr.) 
9O@ Spruce Pine halloysite 
~\§ Bedford halloysite 
\A Tintic halloysite 
Curves showing the changes of 
crystallite dimensions with the time of 
grinding. 


Fig. 2. 


From the curve shown in this figure, it 
is observable that the breadth of the basal 
reflection becomes sharper in the early 
stage of grinding. Of these curves, some 
features are observable; that is, the 
maximum point on L,-dimension curve 
of Spruce Pine halloysite with the highest 
degree of crystallinity is apparent when 
ground for a considerably longtime. For 
the crystallite dimension of Spruce Pine 
halloysite along a-axis (Lz), it decreases 
quickly with the grinding, whereas, it 
does not change in Bedford halloysite and 
Tintic halloysite up to some extent of 
grinding. When the grinding passes this 
stage, the L.-dimensions of Bedford hal- 
loysite and Tintic halloysite decrease as 
that of Spruce Pine halloysite does. This 
fact means that Bedford halloysite and 


7) W.L. Bragg, ‘“‘The Crystalline State’’, Vol. I, 189 (1933). 
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Tintic halloysite are more resistant to dry 
grinding than Spruce Pine halloysite, pre- 
sumably because of the lubricating action 
of the water layers between the kaolin 
layers. This resistant action of the inter- 
layer water is also found in vermiculite”. 
The quick decrease in the L.-dimension 
is correlated to the fracturing of the 
kaolin layer. 

The increase of the background in the 
X-ray diagram of halloysite is similar to 
those of kaolinite or Kibushi-clay, and is 
correlated to the production of a non- 
crystalline material. It is considered that 
the structure of non-crystalline materials 
produced by dry grinding of halloysite 
with lower crystallinity is considerably 
disordered and is similar to a_ gel-like 
structure. 

For some ground specimens, the alkali- 
acid treatment noted in the case of kao- 
linite was made to ascertain the disorder- 
ing of the crystallite. Throughout all 
these specimens, the same tendency is 
observable as that of kaolinite. The 240- 
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Fig. 3-a. Differential thermal analysis 
curves of ground halloysite (Spruce 
Pine, N.C.). 


A, original halloysite 
B, ground 48 hours 
C, ground 96 hours 
D, ground 192 hours 


8) R.C. Mackenzie and A. A. Milne, Clay Min. Bull., 
2, 57 (1953). 
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Fig. 3-b. Differential thermal analysis Fig. 3-c. Differential thermal analysis 
curves of ground halloysite (Bedford, curves of ground halloysite (Tintic, 
Ind.). Utah). 

original halloysite A, original halloysite 
ground 48 hours B, ground 48 hours 
ground 96 hours C, ground 96 hours 
ground 144 hours D, ground 144 hours 
ground 312 hours E, ground 240 hours 


TABLE II-a 
THERMAL DATA OF GROUND HALLOYSITE (SPRUCE PINE, N.C.). 
(ALL TEMPERATURES ARE DEGREES CENTIGRADE) 
En Ene E,; 


Grinding — 
time Temp. Height Area Temp. Height Area Temp. Height Area Breadth 
(hr.) at of of at of of at of of (half value 
peak peak peak peak peak peak peak peak peak of breadth) 


0 125°C 1 70 583°C 17 1380 973°C 45 220 4.0° 
48 —130— 5 640 568 10 560 972 43 220 3.8 
96 —160— 6 820 563 5 480 971 48 220 3.7 

—190— 8 960 555 2 971 53 230 3.7 
—190— 9 1940 = _ - 970 58 230 3.1 


TABLE II-b 
THERMAL DATA OF GROUND HALLOYSITE (BEDFORD, IND.). 
(ALL TEMPERATURES ARE DEGREES CFNTIGRADE) 
Ent Eno E, 
Grinding 
time Temp. Height Area Temp. Height Area Temp. Height Area Breadth 
(hr.) at of of at of of at of of (half value 
peak peak peak peak peak peak peak peak peak of breadth) 
0 125°C 2 110 574°C 16 720 970°C 34 170 4.5° 
48 —128-— 410 569 5 590 968 34 180 4.5 
96 —150 630 566 y 450 968 43 200 3.3 
-160— j 790 535 2 60 967 50 200 2.7 
-190— 1090 — -- ~- 951 68 200 3.0 





March, 1959] Effects of Dry Grinding on Kaolin Minerals. III 


TABLE II-c 
THERMAL DATA OF GROUND HALLOYSITE (TINTIC, UTAH). 
(ALL TEMPERATURES ARE DEGREES CENTIGRADE) 
En: En E, 


Grinding : = : - 
time Temp. Height Area Temp. Height Area Temp. Height Area 
(hr.) at of of at of of at of of 


peak peak peak peak peak peak peak peak peak 


Breadth 
(half value 
of breadth) 


0 130°C 4 170 s71°C «12 
= lUcalCt( 562 10 
1 790 548 3 
—250— 11 1120 - - 


—170— 

a 8 1340 _ on 
hour-ground specimen of Tintic halloysite 
which has an amorphous pattern in its X- 
ray diagram dissolved completely through 
the alkali-acid treatment and leaves only 
the impurities such as quartz, felspars and 
others. When the X-ray diagram of the 
ground specimen of halloysite is compared 
with those of kaolinite and Kibushi-clay, 
it is clear that the dry grinding is not so 
effective on kaolinite and Spruce Pine 
halloysite in the structural change, but is 
most effective on Kibushi-clay and Tintic 
halloysite. From the X-ray data, it is 
concluded that the effects of dry grinding 


of kaolin minerals in the structural change ° 
depend on the perfectness of kaolin unit 


layers, that is, the 
crystallinity. 

Differential Thermal Analysis. — Dif- 
ferential thermal analysis curves and data 
of the grinding process of halloysite are 
shown in Fig. 3 and Table II. 

The first endothermic reaction (En) as- 
sociated with the loss of the inter-layer 
or adsorbed water, is not present in the 
original sample of Spruce Pine halloysite, 
but is present in the original samples of 
Bedford and Tintic halloysite. It is 
natural that this reaction is apparent in 
the original sample of Bedford and Tintic 
halloysite, because they are partially 
hydrated halloysite. As the grinding pro- 
gresses, this reaction appears and its 
height and area increase. These facts 
mean that the substance produced by dry 
grinding adsorbs water vapor and its 
quantity increases as the grinding pro- 
gresses. The peak temperature of this 
reaction gradually rises. This leads to 
the water adsorbed by the ground sub- 
stance being combined more strongly as 
the grinding progresses. In the original 
sample of Bedford halloysite, a weak 
endothermic reaction is apparent at about 
300°C, probably due to the presence of 


internal degree of 


680 969°C 16 170 9.4° 
966 200 3.6 


150 7.5 
140 39.2 
1023 130 7.3 


gibbsite as impurity. This reaction is 
wholy apparent in the process of grinding. 
The rates of change in the first endo- 
thermic reaction are the same as those 
in the cases of Spruce Pine and Bedford 
halloysite. But, in the grinding process of 
Tintic halloysite, this reaction is slightly 
different from those of Bedford and Spruce 
Pine halloysite. On the differential ther- 
mal analysis curves of the ground speci- 
mens of Tintic halloysite after 48 hours 
of grinding, the second maximum is ap- 
parent in this reaction, and the height 
and area increase, and the peak tempera- 
ture gradually rises. In the 240-hour- 
ground specimen of Tintic halloysite, this 
reaction increases more, and the second 
maximum becomes indistinct. 

In the second endothermic reaction (Ex2) 
associated with the loss of the lattice 
water, it is observable that the features 
of this reaction are similar to those of 
kaolinite. That is, a lowering in the peak 
temperature, and a reduction in the peak 
height and area are observable. When 
the grinding progresses for a long time, 
in such specimens as the 144-hour-ground 
specimen of Tintic halloysite, the 162-hour- 
ground specimen of Bedford halloysite 
and the 192-hour-ground specimen of 
Spruce Pine halloysite, this reaction is 
unobservable. This fact indicates that 
the kaolin structure finally disintegrates 
due to dry grinding. The grinding time 
in which this reaction disappears is shorter 
as the crystallinity of the original sample 
is lower. 

In the exothermic reaction (E,) are 
found some interesting phenomena. The 
exothermic reactions of ground specimens 
of Bedford halloysite and Spruce Pine 
halloysite are similar to that of kaolinite. 
The peak temperatures tend to fall very 
slightly, and in the specimens ground for 
a long period, the peak temperature falls 
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remarkably. Except for the 312-hour- 
ground specimen of Bedford halloysite, the 
peak height and area of the exothermic re- 
action increase and the breadth of peak de- 
creases. The exothermic reaction behaves 
the same as in the case of kaolinite. But, 
the exothermic reaction of Tintic hal- 
loysite behaves very differently from that 
of kaolinite and the other halloysite. At 
first the peak temperature tends to be 
somewhat low, but as the grinding pro- 
gresses, the temperature rises rapidly. 
The peak height increases at first, but 
soon reduces remarkably. The peak 
height, as the temperature becomes higher, 
increases again. The peak breadth also 
becomes narrower at first, but soon in- 
creases and then decreases again. To 
determine whether there is a difference 
between their exothermic reactions, X-ray 
diagrams were taken of several specimens 
just before and after the exothermic re- 
actions on the differential thermal analysis 





Degrees 20 Cu Keg 


M: Mullite Q: Quartz 
Fig. 4. X-ray diffractometer traces of 
ground halloysite obtained just before 
or after the final exothermic reaction 
(E,) on the differential thermal analysis 
curve. 
A, original Bedford halloysite just after 
E, 
B, 312-hour-ground Bedford 
just after E, 
original Tintic halloysite just after 


Ex 


halloysite 


C 


D, 144-hour-ground Tintic halloysite 
just after E, 

E, 240-hour-ground Tintic halloysite 
just before E, 

F, 240-hour-ground Tintic  halloysite 


just after E, 


TAKAHASHI 


[Vol. 32, No. 3 


curve. These traces are shown in Fig. 4. 
It is indicated that as the grinding pro- 
gresses, the growth of mullite crystal be- 
comes remarkable, but the presence of 
mullite is unobservable just before the 
exothermic reaction. 

This tendency was also found in the 
process of grinding of kaolinite. From 
this fact, it is certain that the exothermic 
reaction is attributed to the mullite nucle- 
ation in halloysite”. It is difficult to draw 
a conclusion from the character of the 
exothermic reaction as to the grinding 
effects of halloysite used in the experi- 
ment, but it may be interpreted as follows. 
When the crystallinity of the halloysite is 
at a considerably low stage, the non-crys- 
talline material produced by dry grinding 
has a completely amorphous structure, 
whereas, when the halloysite with a higher 
degree of crystallinity is ground, the non- 
crystalline substance produced by grind- 
ing has a structure which is somewhat 
related to that of the original halloysite ; 
that is, it is not a perfectly amorphous 
substance. This substance is hard to 
change into a perfectly amorphous sub- 
stance. The tranformation of kaolin 
mineral into mullite is closely related to 
the original structure. In the case of 
Tintic halloysite, however, the original 
structure completely disintegrates by dry 
grinding. The transformation to mullite 
from kaolin mineral requires much more 
energy than that of kaolinite, Spruce Pine 
halloysite and Bedford halloysite. It is 
considered that the reaction produces a 
higher temperature. In kaolinite, Spruce 
Pine and Bedford halloysite, the non-crys- 
talline substance produced by dry grind- 
ing may be an allophanic substance rather 
than gel-like. In all ground specimens of 
halloysite, the weak endothermic reaction 
immediately before the exothermic reac- 
tion becomes distinct as the grinding pro- 


gresses. This fact was also found in 
kaolinite and Kibushi-clay as discussed 
above. In the transformation of kaolin 


into mullite, there are two steps of the 
structural change. The first step is the 
nucleation of mullite, and the second step 
is the crystal growth of mullite nuclei. 
The dry grinding accelerates the reaction 
of the second step, that is, the crystal 
growth of mullite nuclei. 

Base Exchange Capacity and Density.- 
In Fig. 5 are shown the changes of the 


9) R.C. Mackenzie, “ Differential Thermal Investiga 
tion of Clays’’, Mineralogical Society (London), (1957), 
p. 108. 





March, 1959] 


(meq.) 


Base exchange capacity 


15 


Effects of Dry 


0 100 200 300 


Grinding time (hr.) 
Spruce Pine halloysite 
Bedford halloysite 
@ Tintic halloysite 
Fig. 5. Curves showing the changes of 
base exchange capacity with the time 


of grinding. 
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Fig. 6. Curves showing the changes of 
density with the time of grinding. 


Electron micrographs of ground halloysite (Spruce Pine, N.C.). The linear 


dimension on the micrographs represents 0.1 u. 
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Fig. 7-b. Electron micrographs of ground 
halloysite (Bedford, Ind.). The linear 
dimension on the micrographs represents 
0.1 p. 

A, original halloysite 
B, ground 48 hours 
C, ground 96 hours 
D, ground 144 hours 
E, ground 312 hours 


base exchange capacity with the grinding 
time. 

As the grinding progresses, the base 
exchange capacity at first increases. After 
reaching a maximum value, it gradually 
decreases until it attains the constant 
value. The maximum value and the con- 
stant value vary according to the order 
of the original sample. The lower the 
crystallinity of the original sample, the 
shorter the time in which the base ex- 
change capacity attains its maximum 
point. The rates of change of base ex- 
change capacity against the grinding time 
are similar to those of kaolinite. As in 
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kaolinite, these results also support the 
thought of Laws and Page for the explana- 
tion of the change on the base exchange 
capacity through dry grinding’. 

In Fig. 6 are shown the changes of the 
density with the grinding time. 

As the grinding progresses, the density 
sharply decreases, but after reaching a 
certain point, it slowly attains a constant 
value. This constant value is nearly 
equal to the value of a silica-alumina 
mixed gel or allophane. These facts mean 
that halloysite changes into a non-crystal- 
line substance by dry grinding. 


10) W.D. Laws and J. B. Page, Soil Sci., 62, 319 (1946). 
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Fig. 7-c. Electron micrographs of ground 
halloysite (Tintic, Utah). The linear 
dimension on the micrographs repre- 
sents 0.1 pv. 

, original halloysite 

, ground 48 hours 

ground 96 hours 

, ground 144 hours 

ground 240 hours 


HOOD Pp 


The point of the bend in the density 
curve and the maximum point in the base 
exchange curve are at nearly identical 
positions. This phenomenon was also seen 
in kaolinite. This stage seems to corre- 
spond to the point at which the kaolin 
structure changes to zeolitic. 

Electron Microscopic Studies.—Electron 
micrographs of halloysite in the process 
of dry grinding are shown in Fig. 7. Figs. 
7-a, -b and -c show those of Spruce Pine 
halloysite, Bedford halloysite and Tintic 
halloysite, respectively. 

The particles of the original halloysite 
samples have a tubular shape. It is ob- 
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servable that in the early stage of dry 
grinding, fine crystallite is produced from 
the original crystal. The shapes of these 
crystallites are platty with a considerably 
sharp edge though the shape of the origi- 
nal halloysite is tabular. As the grinding 


progresses, the fine crystallites reag- 
gregate, and raggregated particles become 
spherical and the particle size increases, 
and then the reaggregated particles slowly 
change into uniformly spherical particles. 
As the grinding progresses further, for 
example in the 240-hour-ground specimen 
of Tintic halloysite or in the 312-hour- 
ground specimen of Bedford halloysite, 
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the remarkable and irregular growth of 
particles is observable. In the light of 
X-ray and thermal data, the irregular 
growth of reaggregated particles corre- 
sponds to the fact that an amorphous sub- 
stance is produced by dry grinding. 

If the mean size of the fine particles 
which are produced through dry grinding 
and the particles which are produced by 
the reaggregation of such fine particles are 
plotted against the grinding time, the 
results are as shown in Fig. 8. 

The curve, if extrapolated to time zero, 
indicates the value of about 200A in all 
kinds of halloysite, and this value is the 
same as that in the cuse of kaolinite. 
It seems that the crystallites which sepa- 
rate from the original crystal during the 
early stage of grinding are about 200A in 
size. As shown on these curves, the time 
in which the reaggregated particles begin 
to grow irregularly corresponds to the 
degree of crystallinity of the original 
samples. The irregular growth of the 
reaggregated particles is found also in 
Kibushi-clay. It is considered that the 
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Grinding time (hr.) 
Spruce Pine halloysite 
Bedford halloysite 
@ Tintic halloysite 
Fig. 8. Crystallite or reaggregated par- 
ticle size of ground halloysite plotted 


against the time of grinding. 


irregular growth of such particles indi- 
cates the change into a perfectly amor- 
phous substance from a non-crystalline 
substance produced by dry grinding. 
Mechanism of Change in Halloysite 
Structure due to Dry Grinding. — When 
halloysite is ground, halloysite crystals 
cleave and fracture and then split into 
fine crystals which are considered unit 
crystallites. These crystallites are very 
similar to those in case of kaolinite in 
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shape and size. Groups of several such 
fine crystallites promptly reaggregate. 
The reaggregated crystallites change 
partially or thoroughly into a non-crystal- 
line material. These non-crystalline sub- 
stances reaggregate with the crystallites. 
As the grinding progresses, the crystalline 
part of the reaggregated particle decreases 
and the size of the reaggregated particle 
increases gradually. In a certain stage of 
grinding, a zeolitic structure is formed. 
The reaggregated particles which have a 
zeolitic structure become uniformly spheri- 
cal. This period in grinding corresponds 
to the maximum point on the base ex- 
change capacity curve and the inflection 
point on the density curve. The struc- 
ture, with the progress of grinding, 
changes finally to the perfectly amorphous 
structure as silica-alumina mixed gel and 
the particle size grows irregularly. 

The process of the structural change 
by dry grinding is the same as in the 
cases of all kinds of halloysite. The only 
difference is that Spruce Pine halloysite 
is less easily subject to the effect of the 
structural change than Tintic halloysite. 
This means that the effect of dry grind- 
ing of halloysite depends on the structural 
perfectness of the original halloysite. 
Generally, the effects of dry grinding on 
kaolin minerals are related to the internal 
degree of crystallinity of the original kao- 
lin minerals. 


Summary 


The effects of several-hundred-hour 
mechanical-mortar dry grinding of hal- 
loysite were studied by X-ray diffraction, 
differential thermal, electron microscopic 
and other methods and they were com- 
pared with those of kaolinite and Kibushi- 
clay. It has been found that there are 
two sorts of structural change caused by 
dry gringing in halloysite as in the case 
of kaolinite. One is the production of a 
non-crystalline material attended with 
disordering of crystallites, and the other 
is the process of reaggregation. In a 
certain stage of grinding, the reaggregates 
come to have a zeolitic structure. This 
stage of grinding corresponds to the 
maximum point on the base exchange 
capacity curve and the inflection point on 
the density curve. The particle which 
has a zeolitic structure is uniformly 
spherical. As the grinding progresses 
further, halloysite changes into an amor- 
phous substance, and the particle size in- 
creases irregularly. In consequence, it 
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was found that the effects of dry grind- 
ing on kaolin minerals depend strikingly 
on the structural perfectness of unit layers 
of the original kaolin minerals, that is, 
the internal degree of crystallinity. 
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thanks to Professor H. Akamatu for his 
continuous advice and encouragement. 
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The Crystal Structure of trans-Dibromo-bisethylenediamine- 
cobalt III) Bromide Hydrobromide Dihydrate 


By Shun’ichiro Ool, Yoshimichi KOMIYAMA, Yoshihiko SAITO 
and Hisao KUROYA 


(Received September 13, 1958) 


The crystal structure of the ethylene- 
diamine-‘‘ praseo’’-chloride, trans-(Co en: 
Cl.]Cl-HC1-2H.O, was determined before 
by Nakahara and two of us’. An attempt 
has been made now to investigate the 
crystal structure of the bromine-analogue, 
namely, the trans-dibromo-bisethylenedi- 
amine cobalt(III) bromide hydrobromide 
dihydrate, trans-(Coen.Br.] Br-HBr-2H.0. 
This compound has almost the same 
properties, physical and chemical, as 
the corresponding chlorine-complex, and, 
therefore, may be expected to be isotype 
with the latter. However, the analysis 
was carried out with caution in considera- 
tion of the fact that the configuration of 
the chloro-dinitro-triammine-cobalt (III), 
(Co(NH:;);(NO:)-Cl], is quite different from 
that of the apparently analogous bromo- 
compound, [Co(NH;);(NO,2)-Br] *” 


Experimental 


The crystals are well-formed dark green tablets, 
showing predominant (100) faces. This habit is 
the same as that of [Co eng Cl.]Cl-HCl-2H,0. 
They are monoclinic and belong to the monoclinic 
holohedral class. Crystals show marked dichro- 
ism; in polarized light they appear blue when 
the electric vector is normal to the b-axis and 

1) A. Nakahara, Y. Saito and H. Kuroya, This 
Bulletin, 25, 331 (1952). 

2) Y. Tanito, Y. Saito and H. Kuroya, ibid., 26, 420 
(1953). 

3) Y. Komiyama, ibid., 31, 26 (1958). 


- b=8.18, c 


yellowish green when this vector is parallel to 
the b-axis. From oscillation and Weissenberg 
photographs with Fe Ka radiation (4=1.937 A) 
the unit cell dimension is found to be: @=10.98, 
9.46A, 8=113.2°. The space group 
determined from extinctions, is P2;/c—Ci,, 

The cell contains two formula units of [Coens 
Br.| Br-HBr-2H20 (density calculated 2.28 g.cm~3; 
found 2.21 g.cm~*) and cobalt atoms must there- 
fore occur on centers of symmetry. 

The intensities of reflections (h0l), (hkO) were 
estimated by comparison with a standard scale. 
The exposures were taken with Fe Ka radiation, 
using multiple film technique. After correction 
for Lorentz and polarization factors, relative F 
values were obtained. No correction for absorp- 
tion was made. 


Determination of the Structure 


The structure determination is based on 
the analysis of the (hkO) and (h0l) reflec- 
tions, which could be carried out in a 
rather straightforward fashion. Because 
of the occurrence of the cobalt atoms at 
symmetry centers, the Patterson functions 
were simple and comparison of these 
results with those obtained for [Co en.Cl,] 
Cl-HC1-2H.O revealed that both structures 
were isotype. Therefore, the Patterson 
function could be solved without difficulty, 
yielding an approximate position not only 
for bromine atoms but for most of the 
lighter atoms as well. The signs of all 
but weak reflections could be derived on 
the basis of the sets of parameters thus 
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Fig. 1. Electron density projected along the 
b-axis. Contours are drawn at 4e.A~? 
intervals and 20e. A~* for heavy lines of 
Co and Br peaks. Broken lines show zero 
electron level. 
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Fig. 2. Electron density projected along the 
c-axis. Contours are drawn in the same 
manner as Fig. 1. 





Fig. 3. Residual electron density projected 
along the b-axis, showing the positions of 
light atoms. Contours are drawn at 2e. A~? 
intervals. 
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Fig. 4. Residual electron density projected 
along the c-axis, showing the positions of 
light atoms. Contour lines as in Fig. 3. 


deduced. Then the Fourier syntheses of 
the electron density projected along [001] 
and [010] were evaluated. In the c-axis 
projection almost every atom was resolved. 
But it was not the case in the b-axis pro- 
jection. The outlines of the ethylene- 
diamine ligands did not come out clearly, 
probably due to the diffraction effect of 
heavy bromine atoms. In order to improve 
the situation, the contribution of the cobalt 
and bromine atoms was subtracted from 
the observed structure factors and trial of 
computing the residual electron density 
projections along the b-axis was made. 
(The result is given in Fig. 3). 

Fourier refinements were repeated as 
usual. Final projections shown in Fig. 1— 
Fig. 4 lead to the structure illustrated in 
Fig. 5 and Fig. 6. Parameter values are 
listed in Table I. The parameter of the 
oxygen atom is less reliable because of 
poor resolution of the projection. The 
parameters listed in Table I gave the 
reliability index R=) || Fo|—|F.||/S|F:| 
of 0.133 and 0.130 for (h0l) and (hk0) 
respectively. Calculated and observed 
structure amplitudes are given in Table 
II. In the calculation of structure factors, 


TABLE I 
FINAL ATOMIC COORDINATES 

x/a y/b z/c 
Co 0 0 0 
Br (1) 0.060 0.037 0.275 
Br (2) 0.344 — 0.397 0.269 
N (1) 0.092 0.216 0.045 
N (2) 0.175 —0.099 0.024 
C(1) 0.225 0.201 0.032 
C(2) 0.281 0.029 0.091 
O 0.494 0.150 0.452 
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Fig. 5. Projection of the structure upon a plane normal to the b-axis. 
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Fig. 6. Projection of the structure upon a plane normal to the c-axis. 
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TABLE II 
OBSERVED AND CALCULATED STRUCTURE AMPLITUDES 
hkl F, F hkl F, F hkl Fo F. hkl Fo F. 
100 101 106 410 40 53 002 82 —104 502 66 59 
200 82 82 420 32 24 004 236 226 502 86 67 
300 233 158 430 88 104 006 75 —7A 504 16 —9 
400 <12 6 440 70 74 008 81 63 504 10 16 
500 35 34 450 53 51 506 54 55 
600 75 60 460 60 73 102 9 13 506 50 58 
700 127 115 470 28 22 102 12 5 508 23 26 
800 41 36 104 14 -18 
900 <14 6 510 65 54 104 153 158 602 47 38 
1000 55 — 60 520 12 11 106 54 68 602 24 —18 
530 16 30 106 32 —23 604 14 7 
020 163 169 540 14 22 108 26 —44 604 112 119 
040 16 6 550 53 63 108 116 96 606 41 — 46 
060 <14 9 560 23 17 608 120 118 
080 25 28 570 99 103 202 <il -—9 
202 12 15 702 145 142 
110 51 54 610 33 38 204 58 40 702 134 114 
120 122 115 620 22 13 204 89 83 704 96 —96 
130 135 129 630 63 71 206 17 -6 704 50 — 67 
140 150 146 640 64 78 206 32 39 706 38 43 
150 13 13 650 48 47 208 42 23 708 43 38 
160 54 51 660 27 —24 
170 28 13 302 97 —93 802 83 69 
180 <8 —11 710 70 49 302 206 —203 802 132 112 
720 17 —25 304 56 59 804 70 —60 
210 65 — 60 730 74 56 304 167 187 806 99 83 
220 84 86 740 35 42 306 <15 7 808 63 —54 
230 10 14 750 40 29 306 106 —122 
240 88 88 ‘ 308 168 140 902 33 30 
250 57 53 810 17 20 902 21 14 
260 56 61 820 44 39 402 134 135 904 20 19 
270 91 95 830 62 60 402 70 82 906 14 3 
280 7 4 840 13 15 404 Yi 85 908 20 37 
850 10 10 404 65 71 
310 34 30 406 145 123 1002 151 131 
320 124 122 910 17 18 406 48 - 43 1004 82 —75 
330 80 81 920 35 29 408 102 79 1006 104 97 
340 13 4 930 9 13 
350 49 63 1104 41 — 48 
360 14 —19 1010 7 1 
370 56 51 
atomic scattering factors listed in the and consists of [Co en,Br.|*, [H.O---H--- 
International Table were employed. H.O]* and Br-. Since the structure is 


Temperature correction of the form 
exp—B(sin@/4)*, where B=0.9A’, was 
applied in the final calculation of the 
structure factors. 


Discussion 


The structure is isotype with [Co en, 
Cl.]Cl-HCl1-2H.O. The principal points of 
stereochemical interest which emerge from 
this X-ray analysis are as follows. 

(1) The structure is essentially ionic 


isotype with chloro-analogue, a similar con- 
sideration of the arrangement of bromine 
ions leads us to locate a proton midway 
between the two water molecules. The 
O---O distance is found to be 2.60A. The 
existence of the group [H.O---H---H,O] * 
was suggested by Huggins and this was 
indeed verified by our investigation on 
the structures of tvrans-dihalogeno-iso- 
ethylenediamine complexes”. 


4) M. L. Huggins, J. Phys. Chem., 40, 723 (1936). 


} 
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(2) The interatomic distances are given 
in Table III. Co-Br distance is found to 
be 2.44A. This is 0.14A larger than the 
corresponding Co-Cl distance and the dif- 
ference agrees with that in covalent bond 
radius of chlorine and bromine atom. 
Other distances agree well with those 
found in [Co en, Cl.]Cl-HC1-2H.,0. 


TABLE III 
INTERATOMIC DISTANCES AND BOND ANGLES 
Co—Br (1) 2.44A 
Co—N (1) 2.00 
Co—N (2) 2.01 
N(1)—C(1) 1.52 
N (2) —C (2) 1.51 
C(1)—C(2) 1.55 
Br(1A)---N (3B) 3.58 
Br (2A) ---N (3B) 3.46 
Br (2) ---N (4B) 3.58 
Br (3) ---N (4B) 3.37 
Br (2) ---O(2) 3.24 
Br (3) ---O(2) 3.26 
O(1) ---O(2) 2.60 
N (1) —Co—N (2) 86.5 
Co—N (1)—C(1) 109.2 
Co—N (2) —C (2) 108.3 
N (1) —C (1) —C (2) 107.6 
N (2) —C (2) —C (1) 110.3 


(3) The dichroism of the crystal has 
been measured by Yamada et al. and their 
investigation revealed that the general 
features of the absorption curve are 
essentially the same as those obtained for 
{Co en; Cl.]Cl-HCl-2H,0”. This is quite 


5) S. Yamada et al., This Bulletin, 28, 222 (1955). 
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feasible since both structures are isotype. 
The marked dichroism is reasonable since 
all the Br-Co-Br bonds are nearly parallel 
to the c-crystal axis. 


Summary 


The structure of trans-dibromo-bisethy]- 
enediamine cobalt(III) bromide hydro- 
bromide dihydrate has been determined 
by X-ray analysis. 

[Co en.Br.2] Br-HBr-2H.O is monoclinic, 
a=10.98, b=8.18, c=9.46A, and $=113.2°, 
space group P2,/c, two formula units in 
the cell. The structure consists of [Co 
en.Br.]*, [H2O---H---H,O]* and Br-, and is 
isotype with [Co en.Cl.]Cl-HCl-2H.0. The 
complex ion has a center of symmetry. 
Two enantiomorphous’ ethylenediamine 
molecules, taking ‘‘ gauche’’ configration, 
are coordinated to a cobalt atom. A cobalt 
atom is surrounded in a square coplanar 
configuration by four nitrogen atoms at 
distances 2.0A, and on a line approxi- 
mately perpendicular to the plane of 
nitrogen atoms are two bromine atoms at 
distances 2.44 A. The marked dichroism 
of the crystal is explainable in terms of 
the characteristic features in the arrange- 


. ment of the complex ions in the crystal. 


Part of the cost of this investigation 
was defrayed from the Fund for Scientific 
Research Expenditure of the Ministry of 
Education to which the authors’ thanks 
are due. 


Institute of Polytechnics 
Osaka City University 
Kita-ku, Osaka 





The Interaction between Dyes and Surfactants. I* 


By Tamotsu KoOnpbo and Kenjiro MEGuURO 


(Received July 7, 1958) 


In previous works!”, we found the fact 
that the dye in aqueous solution is floc- 
culated by adding a small amount of ionic 
surfactant, when the charge of surfactant 
is opposite to that of the dye. 

We also found this flocculate** is dis- 
persed again with further addition of 
surfactant. We call these phenomena 
“‘flocculation and deflocculation of dye 


by surfactant’’. To clarify the mechanism 
of these phenomena, we studied the in- 
teraction between anionic surfactants with 


* Presented before the llth Annual Meeting of the 
Chemical Society of Japan held in Tokyo, April, 1958. 

** This flocculate is considered to be a stoichiometric 
complex salt formed between dye and surfactant. Details 
of its properties will be described in a later paper. 

1) K. Meguro J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagakn Zasshi), 77, 72 (1956). 

2) T. Kondo et al., ibid., 77, 1240 (1956). 
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alkyl chains of different lengths and a 
cationic dye, and also between cationic 
surfactants having gegenions of different 
degrees of hydration and an anionic dye. 


Experimental 


Materials._-_Rhodamine 6G and Eosine were 
used as cationic and anionic dyes respectively. 
Both were commercial samples and were purified 
by the method described previously”. 

The anionic surfactants employed were sodium 
decyl (Na. De. S.), dodecyl (Na. D. S.) and 
tetradecyl sulfates (Na. T. S.). These alkyl sul- 
fates were prepared from the corresponding 
alcohols by sulfation. The details of the pre- 
paration and the purification of these compounds 
were described already. 

Dodecylpyridonium chloride (D. Py. Cl.), bro- 
mide (D. Py. Br.) and iodide (D. Py. I.) were 
used as cationic surfactants. These dodecyl- 
pyridonium halides were prepared by refluxing 
the dodecyl halides with pyridine for several 
hours. The salts were purified by recrystallization 
from acetone and by extraction with petroleum 
ether. 

Procedure.—As described above, when the 
surfactant ion has a charge opposite to that of 
the dye ion, the ionic dye in solution is 
flocculated by adding surfactant solutions of low 
concentration. It was also mentioned that the 
flocculate disperses again in a more _ concen- 
trated solution of surfactant. In order to treat 
these phenomena quantitatively, the flocculation 
value and the deflocculation value were defined 
as the minimum concentration of surfactants 
required to cause the complete flocculation and 
deflocculation of dye in 24 hours at constant 
temperature after mixing dye and surfactant. 

In practice, 2ml. of dye solution of a constant 
concentration and equal volume of surfactant 
solutions of various concentrations were mixed 
in small test tubes, and these test tubes were 
permitted to stand at 30°C for 24 hours. At the 
end of 24 hours, the degree of flocculation was 
observed visually or spectrophotometrically, if 
necessary, after centrifuging. The flocculation 
and deflocculation values correspond to the 
minimum number of millimoles of surfactant per 
liter of mixed solution required to cause the com- 
plete flocculation and deflocculation. By repeating 
the same procedure for the dye solutions of 
various concentrations, the dependence of floc- 
culation and deflocculation values upon the dye 
concentration was also investigated. 

In order to study the properties of the com- 
plex formed between dye and surfactant, the trans- 
fer of flocculate to nonpolar solvent, such as 
benzene, was observed by the same procedure 
described already». That is, 2ml. of dye-sur- 
factant mixture were shaken with equal volume of 
benzene in test tubes. After a few hours the 


3) T. Kondo, ibid., 77, 1281 (1956). 
4) O. Yoda, K. Meguro, T. Kondo and T. Ino, ibid., 
75, 1272 (1954). 
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degree of coloring of benzene phase was measured 
photometrically. 


Results 


The flocculation and deflocculation values 
varied with the difference in alkyl chain 
length and gegenion of surfactant, and 
furthermore with the addition of salt or 
organic solvent. 

Effect of alkyl chain length of surfac- 
tant.—Results obtained with the alkyl 
sulfate—Rhodamine 6G systems in which 
the dye concentration was kept to be 
0.5mmM/l. are shown in Fig. 1. 





100 -}— Na.De.S [ 
| | A | B 
| | 
| { 
0 
100} —_—_- - Na.D.S 


Degree of dispersion, % 








0 5 10 15 20 25 
Concn. of alkyl sulfate, mM/I. 
A: flocculation zone, B: deflocculation zone 
Fig. 1. Flocculation pattern of Rhodamine 
6G by sodium alkyl sulfates. 


This figure shows that the minimum 
amounts of sulfate required to cause the 
complete flocculation and deflocculation 
markedly decrease with the increase in 
alkyl chain length of sulfate. In other 
words, the width of flocculation zone, i.e., 
the value obtained by subtracting the 
flocculation value from the deflocculation 
value, which is the net amount of sur- 
factant necessary for the complete de- 
flocculation of flocculate, decreases with 
increasing alkyl chain length. 

As the dye concentration decreased, the 
flocculation and deflocculation values be- 
came smaller. Results for Rhodamine- 
dodecyl sulfate system are shown in Fig. 
2. Similar results were obtained with 
decyl and tetradecyl sulfates. 

The plots of the width of flocculation 
zone against the dye concentration gave 
a straight line. Results are shown in Fig. 
3. It can be seen that the slope of the 
straight line rises with decreasing alkyl 
chain length of sulfate. 

Effect of gegenion of surfactant.—Fig. 4 
shows the flocculation and deflocculation 


5) K. Meguro, Memoirs of the Musashi University, 
Supplement, 5, 33 (1957). 


— 
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Concn. of Na. D. S., mM/I. 
Rhodamine 6G concn.: I 0.50mM/1., 
II 0.25 mM/1., III 0.125 mM/1. 
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Fig. 2. Effect of Rhodamine 6G concen- 
tration on its flocculation by Na. D. S. 
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Fig. 3. The value of width of floccula- 
tion plotted against the dye concentra- 
tion Rhodamine 6G. Sodium Alkyl 
Sulfate systems. 


of Eosine, the concentration of which is 
0.5 mM/1., by dodecylpyridonium halides. 

In this figure, the chloride gives the 
largest flocculation and _  deflocculation 
values while the iodide gives the smallest 
ones. That is, the larger the hydration 
of gegenion of surfactant, the greater the 
width of flocculation zone. 

The linear relation between the width 
of flocculation zone and the dye concen- 
tration for Eosine-dodecyl pyridonium 
halide systems is as shown in Fig. 5. 
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Concn. of dodecyl pyridonium halide, mM/I. 
A: flocculation zone, B: deflocculation zone 


Fig. 4. Flocculation pattern of Eosine by 
dodecyl pyridonium halides. 
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Fig. 5. The value of the width of floc- 
culation zone plotted against the dye 
concentration for Eosine-D. Py. Halide 
systems. 
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I: no salt, Rhodamine 6G 0.25 mM/1. 
II: NaCl 8mM/Il., Rhodamine 6G 0.20 mM/1. 
III: NaCl 16mM/l1., Rhodamine 6G 0.20 mM/1. 


Fig. 6. Effect of NaCl on the flocculation 
of Rhodamine 6G by Na. D. S. 
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The width of flocculation zone 





0 0.1 0.2 0.3 0.4 05 
Dye concn., mM/I. 


I: no salt, II: NaCl 8mM/1. 
III: NaCl 16mM/1. 


Fig. 7. Effect of NaCl on the relation 
between the width of flocculation zone 
and the dye concentration in Rhodamine 
6G—Na. D. S. system. 


Effect of added salt.—Added salt de- 
pressed the flocculation to a certain extent 
but promoted the dispersion of flocculates. 
A typical result obtained with Rhodamine 
6G—Na. D. S.—sodium chloride system is 
shown in Fig. 6. and 7. 

Effect of added alcohol.—The addition of 
ethanol to Rhodamine 6G— Na. D. S. system 
did not alter the flocculation value of 
dodecyl sulfate but exerted a slight 
influence on its deflocculation value. The 
width of flocculation zone, therefore, 
varies slightly as shown in Fig. 8. 
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Dye concn. mM/I. 
I: ethanol 8.1 wt. %, II: no alcohol. 


Fig. 8. Relation between the width of 
flocculation zone and dye concentration 
for Rhodamine 6G—Na. D. S. system in 
water-ethanol mixture. 
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Transfer of dye-surfactant complex into 
organic solvent.—Results for the transfer 
of Rhodamine 6G-—D.S. complex into 
benzene are shown in the following table. 


TABLE I 
TRANSFER OF RHODAMINE 6G—D. S. COMPLEX 
INTO BENZENE 


Na. D. S. . mM/I. 
Dye concn. Na. D. S. concn. mM/ 


mM/l. 9.10 0.25 0.50 1.00 2.50 3.75 5.00 
0.125 ._ me 4 £ 

0.25 + ow 4b + + - 

0.50 ++ ++ ++ + 


In this table, the number of + signs 
denotes the degree of coloring of benzene 
phase, and the sign shows the non- 
coloring. 

It is noticed that the complex has a 
strong oilphilic property when the con- 
centration of Na. D. S. is equivalent to 
that of dye. Furthermore, it is remarka- 
ble that this oilphilic property decreases 
again in more concentrated Na. D. S. 
solutions. 


Discussion 


The slope of straight lines shown in 
Figs. 3, 5, 7 and 8 will represent the mini- 
mum number of surfactant ions required 
to cause the complete deflocculation of a 
dye ion or a dye surfactant complex. 

This number is termed “ the defloccula- 
tion number of surfactant’’ and denoted 
by Na in this series of papers. Na values 
for surfactants employed in this work are 
collected in Table II. 


TABLE II 
VALUES OF Ny 
Dye Surfactant Nu 
Na. De. S. 
Na. D. S. 
a. 2. So 


N 


Rhodamine 6G 


no >} DD 
wo oO 


— 
© ow 


D. Py. Cl. 
D. Py. Br. 2. 
D. Py. I. 1. 


Eosine 


The plots of log Nu against the number 
of carbon atoms of sulfate give a straight 
line as shown in Fig. 9, which is similar 
to that found between the C.M.C. and the 
number of carbon atoms in alkyl chain of 
surfactant. 

On the other hand, with dodecylpyrido- 
nium halides, a linear relation between 
Na value and lyotropic number of gegen- 
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Fig. 9. Relation between log Nag and the 
number of carbon atoms in alkyl chain 
of sulfate. 


10 12 14 
lyotropic number 


Fig. 10. Relation between Ny, values and 
lyotropic number of gegenions of 
dodecylpyridonium halides. 


ions is obtained as shown in Fig. 10. A 
similar relation is held between C.M.C. 
values of these cationic surfactants and 
lyotropic numbers of their gegenions”. 

It may be suggested that the defloccula- 


6) K. Meguro, T. Kondo et al., Presented at the 
Symposium on Colloid and Surface Chemistry held in 
Tokyo, November 1956. 
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tion phenomenon of dye is closely related 
to the association properties of surfactant 
from the above-mentioned facts. As the 
magnitude of C.M.C. value measures the 
ability of micelle formation of surfactant, 
the Na value seems to have a close rela- 
tion with micelle forming ability of sur- 
factant. The facts that the flocculation 
takes place at the equivalence between 
dye and surfactant, and that the defloc- 
culation occurs in more concentrated sur- 
factant solutions, and the facts that the 
flocculate has the oilphilic property, and 
that the deflocculate loses this oilphilic 
property, suggest the existence of dye 
surfactant aggregate composed of a dye 
surfactant complex, as the nucleus, and 
few surfactant ions. This dye-surfactant 
aggregate suggested by the present authors 
is pictured in Fig. 11. 





Fig. 11. Schematic representation of a 
dye-surfactant aggregate. 


In connection with these considerations, 
it will be mentioned that the defloccula- 
tion of dye-surfactant complex occurs in 
surfactant solutions of the concentration 
below the C.M.C. 

If we accept the above argument thata 
few surfactant ions can combine with a 
dye—surfactant complex in the defloccula- 
tion, we should expect that the surfactant 
ions themselves can form an aggregate 
owing to the interaction between their 
long alkyl chains below the critical con- 
centration for micelle formation”. 


Nezu Chemical Laboratory 


Musashi University 
Nerima, Tokyo 


7) K. Meguro et al., This Bulletin 31, 472 (1958). 
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Reaction of 2-Chloro-3-phenyltropone and 2-Chloro-7-phenyltropone 
with Ammonia and Amines* 


By Toshio MUKAI 


(Received September 19, 1958) 


The present writer has been examining 
the reactivity of 2-phenyltropone’’” and 
taking a great interest in comparing its 
chemical and physical properties with 
those of 3- and 4-phenyltropones. As a 
preliminary step, the synthesis of 3-pheny]l- 
tropone from 2-phenyltropone was at- 
tempted. The objective would be realized 
if the expected abnormal substitution** 
could occur in the reaction of ammonia 
and 2-chloro-3-phenyltropone, easily ob- 
tainable from 2-phenyltropone through 3- 
phenyltropolone. However, such an abnor- 
mal substitution of 3- or 7-substituted 
2-chlorotropone has not been carried out, 
although the reaction has been tried often 
with 4(or 6)- and 5-substituted 2-chloro- 
tropones*”. In the first step of this ex- 
periment, therefore, the reaction of not 
only 2-chloro-3-phenytropone but also 2- 
chloro-7-phenyltropone with ammonia and 
amines was examined. 


during this reaction. In 1951, Cook and 
others” reported the formation of a o-chlo- 
robenzaldehyde, besides 2-chlorotropone, 
by the reaction of tropolone and thionyl 
chloride. The analytical values of III also 
agree with those of the corresponding 
chlorophenylbenzaldehyde but its infrared 
spectrum” does not exhibit the absorption 
in the carbonyl region. The ultraviolet 
absorption spectrum of III, shown in Fig. 
1, does not exhibit the absorption in the 
longer wave length, characteristic of the 
tropone nucleus”, so that III must be a 
compound formed by aromatization, but 
its structure is still under examination. 
The structure of I is proved by the fact 
that its alkaline hydrolysis affords a bi- 
phenyl-2-carboxylic acid and that its 
hydrogenolysis forms 2-phenyltropone. 
The structure of II was established by its 
identity with a compound, obtained by the 


The starting material, the 2-chloro aie _Ph _Pho, PO NHNH, 
derivatives, were prepared by the ,— )-CONH2 —¢ | -_—— CY 
reaction of 3-phenyltropolone and 7*C\ - vents 0 
thionyl chloride. This afforded a I Vv (1) (Iv) 
mixture of 2-chloro-7-phenyltropone ra 
(I) and 2-chloro-3-phenyltropone(II]) ' , 
in a good yield, in which the . Ph mi . 
quantity of I was 4~5 times as (¢ ¢ } aay ( es 4 
large as that of II. In some cases, NHNH, pA AR “en” CO.H 
a small amount of colorless crystals (VI) (vo) (vi) ax) 


III, m. p. 86.5°C, was obtained 

*) Paper presented before the 8th Scientific Meeting 
of the Chemical Research Institute of Non-aqueous 
Solution, Tohoku University, October 22, 1956. 

1) T. Mukai, Sci. Repts. Tohoku Univ., First Ser., 38, 
280 (1954). 

2) T. Nozoe, T. Mukai, J. Minegishi and T. Fujisawa, 
ibid., 37, 388 (1953). 

**) 2-Halotropones react with ammonia to give 2- 
aminotropones, but it has been found by T. Sato that the 
replacement of halogen by ammonia does not occur 
directly, and an abnormal substitution at C7 rather than 
at C2 occurs in the majority of cases (see ref. 3 and 4). 


NH. 
7,0 


2) 


= ty 0 
2 
ZC) 
3) The dissertation of T. Sato, to be published. 
4) T. Nozoe, S. Seto and T. Sato, Proc. Japan Acad., 
30, 473 (1954). 
5) B. J. Abadir, J. W. Cook, J. D. Loudon and D. K. 
V. Steel, J. Chem. Soc., 1952, 2350. 


NHs 
Re —- R< 


. — 


decomposition of 2-hydrazino-3-phenyltro- 
pone (IV) with copper sulfate in hydro- 
chloric acid solution®. IV is derived from 
the structurally known 2-methoxy-3- 
phenyltropone”. 

Reaction of 2-chloro-3-phenyltropone (II) 
by standing in ethanolic solution saturated 
with ammonia at a room temperature 


6) Infrared spectra were measured with Perkin-Elmer 
Model 21 double beam Spectrophotometer by Mr. Yusaku 
Ikegami of the Chemical Research Institute of Non- 
aqueous Solution, Tohoku University, to whom the author 
is deeply indebted. 

7) M. Tsuboi, This Bulletin, 25, 369 (1952). 

8) S. Seto, Sci. Repts. Tohoku Univ., First Ser., 37, 
275 (1953). 

9) T. Muroi, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 77, 1084 (1956). 
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resulted in its rearrangement to bipheny]l- 
2-carboxamide (V) in a good yield, instead 
of undergoing the expected abnormal sub- 
stitution. The reaction of 2-chloro-7-phenyl- 
tropone (I) and ethanolic ammonia also 
ended in the same rearrangement. 

On heating a mixture of 2-chloro-7- 
phenyltropone (I) and hydrazine in etha- 
nol, the structurally known 2-hydrazino- 
7-phenyltropone” (VI) was obtained ina 
good yield. On the other hand, the reac- 
tion of 2-chloro-3-phenyltropone (II) and 
hydrazine afforded yellow crystals VII, 
m.p. 137°C without the rearrangement. 
The melting points of IV and VII were 
very close but their admixture showed 
them to be different substances. The 
ultraviolet spectrum of VII, shown in Fig. 
2, indicated the absorption of a 2-amino- 











200 300 400 mz 

Fig. 1. U.V. Spectra of 2-Chloro-7-phenyl- 
tropone (I), 2-Chloro-3-phenyltropone 
(II), III of m.p. 86.5°C, and 2-Chloro- 
6-phenyltropone (VIII) in methanol. 





200 300 400 my 


Fig.2. U. V. Spectra of 2-hydrazino-3- 
phenyltropone (IV), 2-hydrazino-7- 
phenyltropone (VI), 2-hydrazino-6- 
phenyltropone (VII), 2-methylamino-7- 
phenyltropone (X), and biphenyl-2-car- 
boxymethylamide (XI) in methanol. 


tropone type’? and its analytical values 
also agreed with those for a hydrazino 
compound. The ultraviolet spectra of 
other hydrazinotropones, IV and VI, are 
also given in Fig. 2, from which it is seen 
that the absorption in the longest wave- 
length region has disappeared in IV alone 
owing to the steric hindrance of the 
hydrazino group. 

Decomposition of VII with copper sul- 
fate in hydrochloric acid medium affords 
the corresponding chlorotropone VIII 
which easily undergoes rearrangement on 
being heated with ethanolic alkali to form 
biphenyl-3-carboxylic acid (IX)'. It fol- 
lows that VII and VIII are respectively 
2-hydrazino- and 2-chloro-6-phenyltropone. 
The occurrence of an abnormal substitu- 
tion with hydrazine was observed for the 
first time in this compound. It is interest- 
ing to note that the reaction with hydra- 
zine is so vastly different from that with 
ammonia. .The ultraviolet spectrum of 
VIII is given in Fig. 1. It is noted that II 
and VIII are the chlorine derivatives of 
3-phenyltropone, their absorption curve 
shifts to a shorter wave length region 
than that of 2-phenyltropone derivatives 
and they have a maximum near 280 mv. 

The reaction of I and II with alkyl- and 
arylamines was next examined. When I 
or II was heated with methylamine in 
ethanol solution, I afforded yellow crystals 
X, m.p. 159°C and II gave pale yellow 
crystals XI, m.p. 165°C. The ultraviolet 
spectra of X and XI are indicated in Fig. 
2. The spectrum of X exhibits two peaks 
of high intensity at above 340mypz, indi- 
cating a typical 2-aminotropone type, 
while that of XI lacks the corresponding 
absorption, indicating the possibility of an 
aromatization. Since the analytical values 
of X agree with those of 2-methylamino- 
tropones and the hydrolysis of X by heat- 
ing with alkali in ethanolic solution affords 
3-phenyltropolone, X must be 2-methy!l- 
amino-7-phenyltropone. The structure of 


Ph Ph Ph Vh 
O r 1 
| ~CONHR - 
— “NHR O 18) 
. NHC.H. OH 
X)? R=CHs (XI): R=CHs (XIII) XIV 
(XV): R=C,.H, (X1):R=C,H, 
10) The absorption in the longer region of ultraviolet 


spectra of 2-amino- and 2-hydrazinotropones splits into 
two maxima when measured in methanol (cf. Ref. 2). 
11) H. Hey, J. Chem. Soc., 1°%4, 1966. 








274 Toshio MUKAI 


XI was established by admixture of the 
methylamide, m.p. 166°C, of biphenyl-2- 
carboxylic acid, prepared by an unequivo- 
cal process. 

The reaction with aniline was found to 
be somewhat more complicated. On heat- 
ing 2-chloro-3-phenyltropone (II) and ani- 
line in ethanol solution, orange plates XII, 
m. p. 110°C, were obtained from an easily 
soluble portion, and yellow crystals XIII, 
m. p. 173°C, from a sparingly soluble por- 
tion. The ultraviolet spectra of XII and 
XIII are shown in Fig. 3. XII shows ab- 
sorption of a different type from that of 
the troponoids while that of XIII is similar 
to the absorption curve of 2-aminotro- 
pones’. XII is a neutral substance, is 
stable to acids and alkalis, and from its 
analytical values, it is assumed to be the re- 
arrangement anilide of product, bipheny]-2- 
carboxylic acid. In fact, XII showed no de- 
pression of the melting point on admixture 
with the same anilide, m.p. 110°C, pre- 
pared by unequivocal process. Hydrolysis 
of XIII by heating with alkali in ethanolic 
solution afforded colorless crystals XIV, 
m.p. 97°C, an acid substance which gave 
the coloration with ferric chloride charac- 
teristic to tropolones. The ultraviolet 
spectrum of XIV is also characteristic of 
that of tropolones” as shown in Fig. 3. 
Previously, Doering and Knox’ prepared 
4-phenyltropolone and gave its melting 
point at 97°C, and measured its ultraviolet 
spectrum (in cyclohexane). From the 
comparison of elemental analytical values 
and ultraviolet spectra, XIV is undoubted- 
ly 4-phenyltropolone and XIII would then 





log € 
4.0 
3.0 
200 300 400 my 
Fig. 3. U. V. Spectra of biphenyl-2-car- 


boxyanilide (XII), 2-anilino-6-phenyl- 
tropone (XIII), and 4-phenyltropolone 
(XIV) in methanol. 


12) W. von E. Doering and L. H. Knox, J. Am. Chem. 
Soc., 75, 297 (1953). 
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Fig. 4. U. V. Spectra of 2-anilino-7- 
phenyltropone (XV), the Schiff’s Base 
(XVI), and 2-hydroxy-3-phenylbenzalde- 
hyde (XVIII) in methanol. 


400 mu 


be 2-anilino-6-phenyltropone. This fact 
indicates clearly that an abnormal sub- 
stitution occurred in the reaction of II 
and aniline. This is the first example of 
an abnormal substitution occuring with 
an arylamine. 

In the reaction of 2-chloro-7-phenyltro- 
pone (I) and aniline, yellow crystals XV, 
m.p. 124°C, and colorless crystals XVI, 
m. p. 103.5°C, are obtained with XVI pre- 
dominating in yield. The _ ultraviolet 
spectra of XV and XVI are indicated in 
Fig. 4 and from the absorption curve and 
analytical date, XV was assumed to be 
2-anilino-7-phenyltropone. This structure 
was actually established by the conversion 
of XV into 3-phenyltropolone (XVII) by 
alkaline hydrolysis. XVI is a _ neutral 
substance and undergoes facile decomposi- 
tion on being heated in dilute acid or 
alkali, affording colorless crystals XVIII, 
m.p. 45.5°C. Although XVIII is an acid 
substance, it does not dissolve in sodium 
hydrogen carbonate and exhibits a dark 
violet coloration with ferric chloride in 
ethanol, like that of salicylaldehyde. The 
infrared spectrum of XVIII, exhibits ab- 
sorptions due to hydroxyl group at 3200 
cm~': and that of carbonyl group at 1666 
cm~', which are both displaced to a smal- 
ler frequency range. It would be rational 
to accept this shift by assuming an intra- 
molecular hydrogen bonding between the 
carbonyl and hydroxyl groups. There is 
also a C-H stretching vibration of alde- 
hyde group at 2820 and 2730cm~'. From 
these facts, the analytical data and ultra- 
violet absorption in Fig. 4, XVIII is as- 
sumed to be 2-hydroxy-3-phenylbenzal- 
dehyde and XVI would then be a Schiff’s 
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Ph Ph Ph Ph 
C.H;NH: “= OH -HCIl /— — 0 _— 
(1) \ - * aie y H \ \ / OH 
H-N_ H CH=NCcH:; CH-NC.H:; CHO 
CcHs (XVI) (XV) 


Base of XVIII and aniline. This assump- 
tion was proved to be correct from the 
facile formation of XVI by heating XVIII 
and aniline. However, the infrared spec- 
trum of XVI does not exhibit the O-H 
stretching vibration and the C=N vibration 
is not distinct, although there is the aro- 
matic C=C vibration at 1616 cm~'! (common 
with XVIII). Considering the fact that 
XVI is a neutral substance, it is more 
likely to have an oxazoline structure than 
that of Schiff’s Base. 

The formation of a salicylaldehyde deri- 
vative by the nucleophilic attack on tro- 
pones has already been observed in the 
reaction of 2,7-dihalotropone with alkali’ 
or ammonia’. These reactions all belong 
to the same type and are assumed to 
have been instigated by the attack of 
aniline at 3-position of the tropone ring 
as suggested by Kitahara'”. 

The afore-mentioned reactions are ex- 


amples of ammonia and amines acting as . 


nucleophilic reagents on 2-halo-3-(or 7)- 
phenyltropone, and the normal and ab- 
normal substitutions and rearrangement 
reactions have been observed. These re- 
actions are thought to be brought about 
in different directions by whether the 
amines attack the 1-position (C=O) of the 
tropone ring, or the 2-position (C-Cl) or 
3- or the 7-position (C-H). Which of these 
reactions actually occurs depends on the 
structure of the reacting tropones to be 
reacted, the basicity and the size of the 
reagent used. For example, the reaction of 
ammonia with 2-chloro-7-phenyltropone (1) 
is principally directed towards its attack on 
the 1-position (C=O), resulting in aromati- 
zation to form V. With methylamine, 
which has a larger volume than ammonia, 
the attack occurs at the 2-position (C-Cl), 
perhaps due to the steric hindrance of 
the phenyl group at the 7-position a sub- 
stitution reaction results, forming X. With 
further increase in the volume of the 
reagent to aniline, the attack occurs not 
only at the 2-position (C-Cl) but also at the 
3-position (C-H) and results in the forma- 
tion of XVI. In 2-chloro-3-phenyltropone 


13) S. Seto, Sci. Repts. Tohoku Univ., First Ser., 37, 
378 (1954). 
14) Y. Kitahara, ibid., 39, 250 (1956). 


(II), the steric hindrance of the phenyl 
and carbonyl groups toward the 2-position 
becomes so large that the normal substitu- 
tion at the 2-position does not occur. In 
the reaction of II and amines, the attacks 
on the 1-position (C=O) and the 7-position 
(C-H) invariably occur competitively so 
that the attack of ammonia and methy!l- 
amine, due to their volume and basicity, 
becomes effective on the 1-position (C=O) 
and rearrangement reaction is likely to 
occur in the majority. On the contrary, 
aniline and hydrazine are more liable to 
attack the 7-position rather than the 1- 
position and the result is likely to be an 
abnormal substitution reaction. 

The foregoing experimental evidence 
(especially formation of VII) offers the 
possibility of deriving 3-phenyltropone 
from 2-phenyltropone and the writer ex- 
pects to carry out the preparation of 3- 
phenyltropone along line. 


Experimental'*) 


Reaction of 3-Phenyltropolone and Thionyl 
Chloride. — To a solution of 1.0g. of 3-phenyl- 
tropolone dissolved in 25cc. of dehydrated ben- 
zene, 0.73 g. (1.2 mol. equiv.) of thionyl chloride 
was added and the mixture was refluxed for 3 
hours on a water bath. Benzene was then dis- 
tilled off, thionyl chloride was removed under 
reduced pressure, and the dark brown oily re- 
sidue was dissolved in a mixture of 5cc. each 
of chloroform and carbon tetrachloride. This 
solution was passed through an alumina column 
(lcm? 20cm.), which was eluted with chloro- 
form, and the effluent was divided into seven 
fractions. Evaporation of the solvent from each 
fraction afforded pale yellow to yellow crystals 
with melting points listed below: (1) m.p. 65~ 
70°C, (2) 72~74°C, and (3) 70~73°C, with a 
combined yield of 630mg. (4) 90mg. of m.p. 
55~65°C. (5) Crystalline but its melting point 
cannot be determined. (6) 50mg. of m.p. 80~ 
87°C. (7) 110mg. of m.p. 92~99°C. Fractions 
1 to 3 were recrystallized from ethanol to yellow 
prisms I, m. p. 75°C. 

Anal. Found: C, 72.34; H, 4.38. 
CisHgOCl: C, 72.06; H, 4.14%. 

Fractions 6 and 7 were combined and recrys- 
tallized from ethanol and afforded pale yellow 


Calca. for 


15) All m. p. are uncorrected. The microanalyses 
were carried out by Miss Ayako Iwanaga and Mr. 
Shinichi Ohyama of this laboratory to whom the author 
is indebted. 
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prisms II, m. p. 103~104°C. 

Anal. Found: C, 71.88; H, 4.46. Calcd. for 
C,3HgOCI1: C, 72.06; H, 4.14%. 

The alumina column was finally eluted with 
ethanol and evaporation of ethanol from the ef- 
fluent afforded pale yellow crystals. Low-pressure 
(3mmHg) sublimation yielded 20 mg. of colorless 
crystals, m. p. 73~80°C, which recrystallized from 
cyclohexane to colorless plates III, m.p. 85.5~ 
86.5°C. 9 (in KBr): 3340, 3300~80, 3040, 2915, 
2865, 1467, 1412, 1356, 1313, 1240, 1179, 1113, 1085, 
1055, 1038, 845, 788, 757, 701 cm™!. 

Anal. Found: C, 71.44; H, 4.77. Calcd. for 
C,;3HgOC1: C, 72.06; H, 4.14%. 

Hydrolysis of 2-Chloro-7-phenyltropone 
(1) with Alkali.— A solution of 150mg. of I 
dissolved in a mixture of 4cc. each of ethanol 
and 4N potassium hydroxide was refluxed for 4 
hours on a water bath. Ethanol was then dis- 
tilled off, the residue was diluted with water, 
and extracted with benzene to remove a neutral 
portion. The aqueous layer was neutralized to 
weak acid and extracted three times with 
chloroform. The chloroform extract was washed 
with water and the solvent evaporated, leaving 
120 mg. of yellowish brown oil. The residual oil 
was distilled under reduced pressure (2mmHg) 
at a bath temperature of 140°C and the colorless 
oily distillate crystallized immediately to 90 mg. 
of crystals melting at 75~85°C. Recrystallization 
from petroleum ether—benzene mixture afforded 
colorless crystals, m.p. 107- 109°C, undepressed 
on admixture with biphenyl-2-carboxylic acid, 
m. p. 109~110°C. 


Catalytic Reduction of 2-Chloro-7-phenyl- 
tropone (I).—To a solution of 50mg. of I dis- 
solved in 5cc. of methanol, 50mg. of sodium 
acetate and 20mg. of 5% palladium-carbon were 
added and the mixture was hydrogenated at 
ordinary temperature and pressure. The absorp- 
tion of hydrogen was quite slow and only 8.1 cc. 
(1.5 mol. equiv.) was absorbed in 5hours. The 
catalyst was filtered off, the residue was diluted 
with water, and the solution was extracted with 
benzene. Evaporation of the benzene gave 40 
mg. of a pale yellow oil which crystallized on 
inoculation of 2-phenyltropone crystal. The crys- 
talline mixture was allowed to stand with a 
small quantity of methanol and afforded needles, 
m.p. 81~83°C. The mixed m.p. 82~84°C on 
admixture with 2-phenyltropone, m.p. 84°C. 
Similar catalytic reduction of 2-chloro-3-phenyl- 
tropone (II) ended in the recovery of II and no 
product was obtained that would form a hydro- 
chloride or a picrate. 

Formation of 2-Hydrazino-3-phenyltropone 
(IV).—To a solution of 120mg. of 2-methoxy-3- 
phenyltropone™, m.p. 77~78°C, dissolved in a 
mixture of 4cc. of ether and lcc. of methanol, 
O.lcc. of 80% aqueous solution of hydrazine 
hydrate was added and the mixture was allowed 
to stand overnight in a refrigerator. This solu- 
tion was treated with water and the separated 
ether layer was evaporated at room temperature 
from which 120 mg. of orange yellow crystals were 
obtained. Recrystallization from ethanol af- 
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forded 70mg. of deep yellow prisms IV, m.p. 
140°C. 

Anal. Found: N, 12.97. Calcd. for C;3H;2NO2: 
N, 13.20%. 


Formation of 2-Chloro-3-phenyltropone 
(II) from 2-Hydrazino-3-phenyltropone (IV). 
—A solution of 300mg. of IV dissolved in 4cc. 
of concentrated hydrochloric acid was added in 
a few minutes into a heated solution of 3g. of 
copper sulfate dissolved in 3cc. of water. Some 
evolution of nitrogen was observed but a fair 
amount of tarry substance separated out. After 
boiling for 5 minutes, the solution was cooled 
and extracted with chloroform. The chloroform 
extract was washed with water, passed through 
an alumina column, and the column was eluted 
with chloroform. The pale yellow crystals, m.p. 
93~95°C, obtained on evaporation of chloroform, 
were recrystallized from ethanol to pale yellow 
plates, m.p. 104~105°C, undepressed on admix- 
ture with 2-chloro-3-phenyltropone (II), m.p. 
104°C, as described above. 


Reaction of 2-Chloro-3-phenyltropone (II) 
and Ammonia.—A solution of 100 mg. of II dis- 
solved in 3cc. of ethanol saturated with ammonia 
at room temperature was placed in a vessel, 
sealed tightly, and left to stand at room tempera- 
ture for 50 hours. The color of the solution 
changed from yellow through brown to pale yel- 
low. Ethanol was evaporated under reduced 
pressure at room temperature and 60 mg. of pale 
yellow crystals, m.p. 173~174°C, so obtained 
were recrystallized from benzene to colorless 
needles V, m.p. 174~174.5°C, undepressed on 
admixture with an authentic sample of biphenyl- 
2-carboxamide, m. p. 174°C. 


Reaction of 2-Chloro-7-phenyltropone (I) 
and Ammonia.—A mixture of 120mg. of I in 
3.7cc. of ethanol saturated with ammonia was 
allowed to stand in a sealed vessel for 50 hours. 
Ethanol was evaporated under a reduced pressure 
at room temperature and 80mg. of brown crys- 
tals, m. p. 148~160°C (sint. 120°C), were recrys- 
tallized from benzene to 50mg. of colorless 
needles V, m.p. 174~174.5°C, undepressed on 
admixture with biphenyl-2-carboxamide. 


Reaction of 2-Chloro-7-phenyltropone (I) 
and Hydrazine.— To a solution of 50mg. of I 
dissolved in 1.5cc. of ethanol, 0.06cc. of 80% 
hydrazine hydrate solution was added and the 
mixture was refluxed for 30 minutes on a water 
bath. The ethanolic solution was concentrated 
to about one-half and cooled. From this 45 mg. 
of golden yellow needles, m.p. 195~197°C, sepa- 
rated out. The crystals were recrystallized from 
ethanol to VI, m. p. 199~200°C'!9, which showed 
no depression on admixture with the structurally 
known 2-hydrazino-7-phenyltropone, m.p. 192°C 
(decomp.)'®. Benzylidene compound» of VI: 
m. p. 150°C. 

zMeOH mu (log ¢): 240(4.38), 273(4.20), 280(4.14), 


“max 


442 (4.56). 


16) VI was reported as melting at 192°C (cf. Ref. 2), 
but it is corrected to m. p. 200°C. 
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with Ammonia and Amines 


Reaction of 2-Chloro-3-phenyltropone (II) 
and Hydrazine.—To a solution of 100 mg. of II 
dissolved in 3cc. of ethanol, 0.10cc. of 80% 
hydrazine hydrate solution was added and the 
mixture was refluxed for 30 minutes on a water 
bath. Evaporation of ethanol and cooling of the 
residue separated 80 mg. of golden yellow crystals, 
m. p. 100~130°C, which were recrystallized from 
cyclohexane to 60mg. of orange scales VII, m.p. 
136~137°C. 

Anal. Found: N, 13.28. 
N, 13.20%. 

Benzylidene compound of VII: Yellow needles, 
m. p. 203°C. 

Anal. Found: 
N, 9.33%. 

4McOH mw (log ¢): 238(4.25), 285(4.42), 377(4.26), 
438 (4.59). 

Formation of 2-Chloro-6-phenyltropone 
(VIII) from 2-Hydrazino-6-phenyltropone 
(VII) and its Aromatization.— A _ suspension 
of 80mg. of VII and 1.5cc. of concentrated hydro- 
chloric acid was added to a heated solution of 
1.5g. of copper sulfate dissolved in 1.5cc. of 
water. After boiling 30 minutes, the solution was 
diluted with water and extracted with benzene. 
The benzene extract was washed with water and 
passed through an alumina column. Evaporation 
of benzene eluate afforded 45mg. of a yellowish 
crystals m.p. 110~112°C, which were recrystal- 
lized from ethanol to pale yellow needles VIII, 
m.p. 113~112°C. 

Anal. Found: C, 71.72; 
CisHgOCl: 72.06; H, 4.14%. 

A solution of 40mg. of VIII in 2cc. of 10% 
ethanolic potassium hydroxide solution was re- 
fluxed for 30 minutes, ethanol was distilled off, 
2cc. of water was added to the residue, and the 
mixture was heated for a further 10 minutes. A 
small amount of brown precipitate that separated 
out was filtered off, the filtrate was acidified with 
6N sulfuric acid, and the white precipitate so 
formed was collected by filtration, yielding 20 mg. 
of colorless crystals, m. p. 145~153°C. The crys- 
tals were recrystallized from benzene-petroleum 
ether to colorless plates IX, m.p. 162~163°C. 
The reported melting point for biphenyl-3-car- 
boxylic acid is 162~164°C!), 

Reaction of 2-Chloro-7-phenyltropone (I) 
and Methylamine.—To a solution of 100 mg. of 
potassium hydroxide dissolved in 2.5cc. of 
ethanol, 180mg. of methylamine hydrochloride 
was added and potassium chloride that separated 
out was removed by filtration. To this filtrate, 
100 mg. of I was added and the mixture was re- 
fluxed for 3 hours on a water bath. The residue 
obtained on evaporation of ethanol was recrystal- 
lized from ethanol to 45mg. of yellow plates X, 
m.p. 159°C. 

Anal. Found: 
N, 6.63%. 

Ethanol was evaporated from the recrystalliza- 
tion mother liquor, the residue was dissolved in 
benzene, and the solution was passed through an 
alumina column. From the benzene eluate, 30 
mg. of yellow crystals, m.p. 75°C, was obtained 


Calcd. for C;3;H;2ONe: 


N, 9.52. Calcd. for CopH;gONe: 


H, 4.39. Calcd. for 


N, 6.97. Caled. for C,Hi;0ON: 


and this was identified to be I by mixed fusion. 

Hydrolysis of 2-Methylamino-7-phenyltro- 
pone (X) with Alkali.—A solution of 25 mg. of 
X dissolved in a mixture of 1.5cc. of ethanol 
and 4N potassium hydroxide was refluxed for 6 
hours on a water bath, ethanol was evaporated, 
and the residue was diluted with water. This 
was extracted with benzene and 20mg. of pale 
brown crystals, m.p. 105~110°C, obtained on 


evaporation of benzene were recrystallized from 
ethanol to crystals of m.p. 113°C, undepressed 
on admixture with an authentic sample of 3- 
phenyltropone, m. p. 118°C2. 


Reaction of 2-Chloro-3-phenyltropone (II) 
and Methylamine.—A solution of 100mg. of II 
dissolved in a solution of 130 mg. of methylamine 
hydrochloride and 100 mg. of potassium hydroxide 
dissolved in 2.5cc. of ethanol was sealed in a 
glass tube and heated for 3 hours at 100°C. The 
ethanol was evaporated from the mixture, the 
residue was extracted with benzene and the solid 
residue obtained on evaporation of benzene was 
recrystallized from ethanol to pale yellow needles 
XI, m. p. 162~164°C. 

The oily acid chloride obtained on refluxing 
biphenyl-2-carboxylic acid with thionyl chloride 
in benzene was added to ethanolic solution of 
methylamine and the mixture was warmed on a 
water bath, from which biphenyl-2-carboxymethyl- 
amide was obtained as colorless crystals, m. p. 
165~167°C. This showed no depression of the 


‘melting point on admixture with XI. 


Reaction of 2-Chloro-3-phenyltropone (II) 
and Aniline.— A _ solution of 180mg. of II and 
400mg. of aniline dissolved in 5cc. of ethanol 
was refluxed for 3 hours on a water bath. 
Ethanol was then evaporated, the residue cooled, 
and 40mg. of yellow crystals, m.p. 165~167°C, 
obtained from it were recrystallized from ben- 
zene to XIII, m. p. 172~173°C. 

Anal. Found: C, 83.79; H, 5.42; N, 5.53. Calcd. 
for CigH;;ON: C, 83.49; H, 5.53; N, 5.13%. 

The ethanolic solution left after separation of 
the crystals was extracted with benzene, the 
benzene extract was shaken with 1N hydrochloric 
acid solution to remove remaining aniline, and 
washed with water. The benzene solution was 
then passed through an alumina column and the 
column was eluted with benzene. The effluent 
was divided into two fractions and evaporation 
of benzene from the initial fraction left 100 mg. 
of pale orange oil. The latter fraction afforded 
40mg. of similar oil. Both oils crystallized im- 
mediately and respectively afforded crystals of 
m.p. 97~101°C and 102~105°C. These were 
combined and recrystallized from cyclohexane to 
90 mg. of colorless prisms XII, m.p. 109~110°C. 

Anal. Found: C, 83.14; H, 5.46; N, 5.38. Calcd. 
for CigH,;;ON: C, 83.49; H, 5.53; N, 5.13%. 

The alumina column was further eluted with 
ethanol and 10 mg. of yellow crystals, m. p. 165~ 
167°C, were obtained, which showed no depres- 
sion of the melting point on admixture with XIII. 

Biphenyl-2-carboxylic acid chloride was refluxed 
with aniline in benzene and colorless crystals 
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(from ethanol), m.p. 110°C, thereby obtained 
showed no depression of the melting point on ad- 
mixture with XII. 

Hydrolysis of 2-Anilino-6-phenyltropone 
(XIII).—-To a solution of 30 mg. of XIII dissolved 
in 2.5cc. of ethanol, 2.5cc. of 3N potassium 
hydroxide solution was added and the mixture 
was refluxed for 8 hours on a water bath. 
Ethanol was evaporated from the mixture, water 
was added to the residue, and this was extracted 
with benzene. 

Alkaline aqueous solution was neutralized with 
dilute hydrochloric acid and the turbid solution 
that resulted was extracted three times with 
chloroform. The extract was washed with water 
and the solvent was evaporated, leaving 20 mg. 
of brown oil which crystallized immediately. Its 
recrystallization from ethanol afforded colorless 
needles XIV, m. p. 97°C. 

Anal. Found: C, 78.23; H, 5.38. Calcd. for 
Ci3H;O2: C, 78.77: H, 5.09%. 

This substance colors red with aqueous solu- 
tion of ferric chloride and the color transits to 
the chloroform layer. The reported melting 
point of 4-phenyltropolone is 97°C!*). 

Reaction of 2-Chloro-7-phenyltroponre (I) 
with Aniline.--A_ solution of 600mg. of I and 
1.8g. of aniline dissolved in 6cc. of ethanol was 
refluxed for 6 hours on a water bath. Evapora- 
tion of the solvent left 250 mg. of yellow crystals, 
m. p. 97~98 C. Ethanol was added to the filtrate, 
which was further refluxed for 3 hours, and 100 mg. 
of yellow crystals, m. p. 97~98°C, was obtained. 
The mother liquor left here will be designated 
as A. The two crops of the above crystals 
were combined, dissolved in carbon tetrachloride 
and passed through a short alumina column. 
Evaporation of carbon tetrachloride from the 
effluent afforded 250mg. of orange plates, m. p. 
101~102°C, and its recrystallization from ethanol 
gave XVI, m.p. 103~103.5°C. 5 (in KBr): 3030, 
1616, 1583, 1488, 1455, 1427, 1372, 1293, 1280, 1202, 
1173, 1100, 1075, 1023, 1000, 980, 940, 906, 849, 830, 
757, 692, 650cm™!. 

Anal. Found: N, 5.29. Calcd. for C,gH;,;ON: 
N, 5.13%. 

XVI is insoluble in either dilute acid or 
alkali. The mother liquor (A) was dissolved 
in benzene, shaken with 1N hydrochloric acid to 
remove excessive aniline, the benzene layer was 
washed thoroughly with water, and the benzene 
evaporated, leaving 190mg. of yellow crystals, 
m.p. 89~106°C. The crystals were dissolved in 
a mixture of 5cc. each of ethanol and 2N hydro- 
chloric acid and the mixture was refluxed for 30 
minutes on a water bath. Ethanol was evaporated, 
residual solution was extracted with benzene 
after addition of water, and the benzene extract 
was shaken with dilute sodium hydroxide solution 
to remove an acid portion. The alkaline extract 
will be designated as B. The benzene extract was 
washed with water and the solvent evaporated, 
giving 150 mg. of yellow crystals, m. p. 110~113°C. 
Recrystallization from ethanol afforded 90 mg. of 
yellow prisms XV, m. p. 122~124°C. 

Anal. Found: N, 5.22. Caled. for Ci9H;;ON: 
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N, 5.13%. 

The extract B was neutralized, acidified and 
extracted with chloroform. The extract was 
washed thoroughly with water; and evaporation of 
the solvent left 20mg. of pale brown oil which 
soon solidified to colorless crystals, m. p. 38~40°C. 
This substance is probably identical with XVIII 
described below. 

Hydrolysis of 2-Anilino-7-phenyltropone 
(XV) with Alkali.—A solution of 50mg. of XV 
dissolved in a mixture of 4cc. of ethanol and 
2cc. of 6N potassium hydroxide was refluxed for 
6 hours on a water bath. Ethanol was evaporated 
from this mixture, water was added to the 
residual solution, and extracted with benzene to 
remove a neutral portion. The aqueous alkali 
solution was acidified with dilute hydrochloric 
acid and extracted with chloroform. The extract 
was washed with water; evaporation of hlorco- 
form afforded 30mg. of pale yellow crystals, 
m.p. 97~100°C. Its recrystallization from ethanol 
gave yellowish prisms, m. p. 114~116.5°C, which 
showed no depression with authentic 3-phenyltro- 
polone, m. p. 118°C”. 

Hydrolysis of Schiff’s Base(X VI).—A solution 
of 110mg. of XVI dissolved in a mixture of 4cc. 
of ethanol and 2cc. of 6N potassium hydroxide 
was refluxed for 1 hour. Ethanol was evaporated 
from this solution, water was added and then 
extracted with benzene to remove a neutral por- 
tion. The aqueous alkali solution was acidified 
and extracted with chloroform. The extract was 
washed with water, the chioroform evaporated, 
and 80 mg. of pale brown oily residue crystallized 
immediately, showing m.p. 40~42°C. Recrystal- 
lization from ethanol afforded colorless plates 
XVIII, m.p. 45.5~46°C. + (in KBr) 3200, 3040, 
2820, 2730, 1666, 1611, 1495, 1472, 1453, 1433, 1384, 
1303, 1264, 1214, 1167, 1097, 1065, 1026, 911, 829, 794, 
761, 720, 693cm™!. 

Anal. Found: C, 78.33; H. 5.11. Caled. for 
Ci3H;pO2: C, 77.98; H, 5.09%. 

The halogen test is negative with XVIII and 
it does not transit to an alkali layer on shaking 
its benzene solution with saturated solution of 
sodium hydrogen carbonate. Ethanolic solution 
of XVIII becomes dark violet with ferric chloride. 

Hydrolysis of 80mg. of XVI by heating in a 
mixture of 2cc. of each of ethanol and 2N hydro- 
chloric acid for 30 minutes also affords 50 mg. of 
XVIII, m. p. 45°C. 

Reaction of 2-Hydroxy-3-phenylbenzalde- 
hyde (XVIII) and Aniline.— A mixture of 80 
mg. of XVIII and 200mg. of aniline was heated 
on a water bath for 20 minutes and the resulting 
dark red oil separated crystals on being cooled. 
The addition of a small amount of ethanol af- 
forded 90mg. of almost colorless scales, m. p. 
103°C, undepressed on admixture with XVI, m.p. 
103.5°C. 
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In an earlier communication” a photo- 
metric method for the determination of 
uranium with Neo-thorone' (o-arsono- 
phenylazo-chromotropic acid) was briefly 
described. The purpose of this paper is to 
treat the same subject in detail. Several 
colorimetric methods recently reported for 
the determination of uranium were based 
on the complex formation with such a rea- 
gent as dibenzoylmethane”, 2-acetoacetyl- 
methane”, diethyldithiocarbamate”, potas- 
sium ferrocyanide”, potassium thiocya- 
nate”, or or the formation of peroxide with 
hydrogen peroxide”. 

Hydrogen peroxide is the common rea- 
gent used for the colorimetric determi- 
nation of uranium, but it is not very 
sensitive. Kuznetsov” has reported a 
qualitative test; a very sensitive color 
reaction of uranium with o-arsonopheny]l- 
azo-chromotropic acid. Neo-thorone in a 
solution of pH 1 or 2 has been used as 
a chromogenic reagent to determine 
thorium” and fluoride’. 


Experimental 


Apparatus.—A Hitachi Model EPV-2 Spectro- 
photometer with lcm. cells was used for all ab- 
sorbance measurements. 
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Reagents.—Neo-thorone (0.1%): dissolve 0.1g. 
of reagent grade chemical (Hayashi Chemical 
Works, Osaka) in water and dilute to 100 ml. 

Standard uranium nitrate solution: Dissolve 
1.20g. of reagent grade uranyl nitrate in water 
and dilute to 1 liter to prepare a stock solution. 
It was standardized gravimetrically by the oxine 
method. An aliquot of this solution was diluted 
to give a solution containing 5yg. of uranium 
per ml. 

Sodium ethylenediaminetetra-acetate (2%): Dis- 
solve 20g. of disodiumdihydrogen ethylene- 
diaminetetra-acetate dihydrate in water and dilute 
to 1 liter. 

Sodium acetate-acetic acid buffer: Dissolve 12 
g. of sodium acetate in water and dilute to l 
liter. A 0.1N acetic acid solution was used to 
make a buffer solution. 

Other reagents were analytical grade chemicals. 

General Procedure.—The following procedure 
was used to determine uranium in aqueous solu- 
tion. The sample solution was adjusted to con- 
tain from 2 to 10 yg. of uranium per ml. One 
ml. aliquot was pipetted into 25ml. glass stop- 
pered volumetric flask. One ml. of 0.1% solution 
of Neo-thorone and 5ml. of buffer solution of pH 
6.0 were added, and then the solution was made 
up to 25ml. with water. The solution was al- 
lowed to stand for five minutes, and then the 
absorbance was measured at 600myp, against a 
reference solution. The amount of uranium was 
determined by comparison with a previously pre- 
pared absorbance-uranium concentration curve. 


Results and Discussion 


Spectral Properties.— The absorption 
spectrum of an aqueous solution of Neo- 
thorone was obtained with water as the 
reference. The absorption peak of Neo- 
thorone in a buffered solution of pH 1.0~ 
6.0 Was found at 510myv. (Fig. 1). The 
absorption spectra of the aqueous solution 
of uranium—Neo-thorone complex at pH 
2.0, 3.0 and 6.0 are shown in Fig. 2. Cor- 
rection was applied for the reagent 
blank. 
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Fig. 1. Absorption spectra of Neo-thorone. 
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Fig. 2. Absorption spectra of uranium—Neo- 
thorone complex. 
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Fig. 3. Effect of pH on the color intensity. 


Effect of pH.— Solutions of pH range 
1.0~8.0 were prepared as previously de- 
scribed. The complex provides maximum 
intensity over a pH range of 5.0 to 7.0 (Fig. 
3), the absorbance being constant over 
this range. With increasing pH values 
above 7.0, the color intensity decreased. 
All absorbance measurements were per- 
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formed at 600 mp. 

Effect of Reagent Concentration. — The 
optimum amount of Neo-thorone was 
sought by adding various amounts of 0.1% 
solution of Neo-thorone to a solution con- 
taining 20 vg. of uranium, and the result 
is shown in Fig. 4. Corrections were made 
for reagent blank. In all cases the pH 
values were maintained constant. When 
more than 0.5ml. of 0.1% Neo-thorone 
solution per 25ml. was added, the absor- 
bance become practically constant. The 
reagent blank increased slightly with in- 
creasing Neo-thorone concentration. There- 
fore, lml. of 0.1% Neo-thorone solution 
was taken each time in the present work. 


0.2 
fe 
& 
1?) 

= 0.1 

= 
0 
= 

| 

0 

0 05 10 15 2.0 


Vol. of 0.1% Neo-thorone solution, ml 
Fig. 4. Effect of Neo-thorone concentra- 
tion. (20mg. U taken, pH 6.0) 


Temperature Effect.— Throughout the 
present investigation the experiments were 
carried out at room temperature which 
ranged from 10 to 25°C. In this range the 
temperature had no remarkable influence 
on the absorbance of uranium-Neo-thorone 
complex. 

Stability of Color.— The color of the 
uranium—Neo-thorone complex in aqueous 
medium seemed to develop fully after 
a few minutes, and its intensity did not 
change for at least 4 hours, as shown in 
Table I. 


TABLE I 
STABILITY OF COLOR 
Time after color Absorbancy (at 600 my) 


developed. 
min. 20 wg.U/25 ml. 120 »g.U/25 ml. 
5 0.081 0.429 
15 0.080 0.429 
60 0.081 0.429 
120 0.082 0.428 
240 0.081 0.429 


M 
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Calibration Curve.— The calibration 
curve is shown in Fig. 5. It was found 
that the system conformed to Beer’s law 
in the concentration range from 0 to 40 vg. 
of uranium per 25 ml. 

Composition of Complex.—The composi- 
tion of uranium—Neo-thorone complex was 
determined by the continuous variation 
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Fig. 5. Calibration curve, © pH 6.5, 
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Fig. 6. Continuous variation method. 
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method. The results obtained are shown 
in Fig. 6. From these results, the ratio 
of uranium to Neo-thorone would be 1:1*. 
Effects of Foreign Ions.—A study was 
made on the effects of several anions and 
cations. Oxalate, fluoride, and phosphate 
interfered. A few grams of sodium, potas- 
sium, and ammonium which were present 
in the solution as acetate, sulfate, chlo- 
ride, and nitrate did not interfere. Many 
of the cations, for example, aluminum, 
copper, iron(III]), indium, titanium, zinc, 
thorium, cerium, and zirconium interfered 
because they formed respective complexes 
with Neo-thorone. But a proper amount 
of such metals as aluminum, iron(III), 
zinc, zirconium, thorium and lead can be 
masked by the use of sodium ethylenedi- 
aminetetra-acetate. For example absor- 
bance measurements when using the 
ethylenediaminetetra-acetate as masking 
agents, were made for solutions containing 
aluminum, iron(III), zinc and thorium. 
The results are presented in Table II. 


TABLE II 
DETERMINATION OF URANIUM IN THE PRE- 
SENCE OF Al, Fe, Zn AND Th 

Metals added (mg.) 


U taken U found Error 
(yg.) Al Fe Zn Tn (ug.) (ug-) 
0.0 0.4 0.3 +0.3 
10.0 0.4 10.2 +0.2 
20.0 0.4 20.0 +0.0 
0.0 1.0 0.1 +0.1 
10.0 1.0 10.3 +0.3 
20.0 1.0 20.2 +0.2 
0.0 0.2 0.2 +0.2 
10.0 0.2 10.1 +0.1 
20.0 0.2 20.5 +0.5 
0.0 0.2 0.1 +0.1 
10.0 0.2 10.1 +0.1 
20.0 0.2 20.0 +0.0 
10.0 0-2 0.5 0.1 9.8 —0.2 
20.0 0.2 6.5 6.1 20.4 +0.4 


As shown Table II; aluminum, zinc, 
iron(III) and thorium do not interfere. 


Summary 


The spectrophotometric method for the 
determination of microquantities of ura- 
nium with Neo-thorone was established. 
By this method 5 to 40 vg. of uranium in 


* In preparing this paper, H. Matsuyama, T. Hara 
and K. Koyama, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 79, 958 (1958). have reported 
independently a similar method for the determination of 
uranium by Neo-thorone. However they have stated 
that the complex was composed of 2 moles of uranium 
to 3 moles of Neo-thorone. 
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25 ml. solution can be determined easily 
and accurately. Interference by a small 
amount of aluminum, zinc, lead, thorium 
and iron could be avoided by using sodium 
ethylenediaminetetra-acetate. Therefore, 
complete separation of iron, thorium, and 
aluminum is not necessary. 


The authors wish to express their heart- 
felt thanks to Professor Dr. Masayoshi 


Ishibashi for his encouragement and 
numerous suggestions throughout the in- 
vestigation. Also the authors express 
hearty thanks to Mr. S. Higashi who 
kindly supplied Neo-thorone to them. 
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Studies on Meso-tonic Compounds. IX°*. Sydnone-4-carboxylic 
acid via Lithium Compound 


By Hiroshi Kato and Masaki OHTA 


(Received September 24, 1958) 


Although a large number of sydnone 
derivatives have been obtained, attempts 
to prepare sydnone-4-carboxylic acid (III) 
have not yet been successful. 3-Pheny]l- 
4-brotnosydnone (I) did not react with 
potassium cyanide”, nor did the Grignard 
reagent derived from the bromo-compound 
I react with carbon dioxide». On the 
other hand, many attempts to prepare III by 
oxidizing the methyl group of 3-pheny]-4- 
methylsydnone have not been promising”. 
After many trials, the authors have finally 
succeeded in preparing III via lithium 
compound. 


Br i COOH 





L 
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Fig. 1. Sydnone-4-carboxylic 


* Presented in part at the llth Annual Meeting of 
the Chemical Society of Japan held in Tokyo, April, 
1958. 

1) Part VIII. M. Hashimoto and M. Ohta, This Bul- 
letin, 31, 1048 (1958). 

2) H. Kato and M. Ohta, ibid, 30, 210 (1957). 


Among many methods proposed for the 
preparation of organolithium compounds, 
the authors have tried halogen-metal in- 
terconversion method, because it has been 
known that the ease of interconversion 
depends on the degree of positive polariza- 
tion of the halogen atom”, and it has been 
reported that the bromine atom of 4- 
bromosydnone (I) has the tendency to be 
removed as positive ion”. In accordance 
with the above consideration, 3-phenyl-4- 
bromosydnone (I) reacted smoothly with 
n-butyl-lithium to give the corresponding 
lithium compound (II), which in turn, 


CoocH, CONH: 
—C-0 A-C-0 
a tN | ——@n + 
2N2 _O NH.OH \n O 
IV Vv 
santo 
4 
CONHNH, CONHN=CRR 
e—C-0  £—-C-0 
“ao. *N 2 | arco *S * | 
INO: ‘xN—O Cc \n—O 
VI vo 


acid and its derivatives. 


3) M. Ohta and H. Kato, J. Chem. Soc. Japan, Pure 
Chem. Sec. (Nippon Kagaku Zasshi), 78, 1653 (1957). 

4) Unpublished results of the experiment carried out 
by M. Hashimoto. 

5) R. G. Jones and H. Gilman, Organic Reactions, 6, 
339 (1951). 
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reacted with carbon dioxide to give the 
expected 3-phenylsydnone-4-carboxylic 
acid (III). The acid gave the ester IV by 
reaction with diazomethane, and the ester 
gave the corresponding amide (V) or 
hydrazide (VI) by the action of ammonia 
or hydrazine hydrate, respectively. The 
hydrazide is rather unstable and is con- 
verted, by warming, into an unidentified 
compound. This compound is negative to 
Liebermann’s nitroso test, but turns posi- 
tive to it after being warmed with 5% 
sodium hydroxide solution, which suggests 
the maintenance of sydnone nucleus in 
that compound”. 

The hydrazide VI is characterized by 
its ready formation of hydrazones VII by 
reaction with ketones (see Table 1). When 
the hydrazide was treated with sodium 
nitrite in acetic acid, the corresponding 
azide VIII was obtained, but the authors 
succeeded in preparing neither amino- 
sydnone IX nor its derivatives by Curtius 
or its modified reactions. As a consider- 
able number of attempts to prepare 
aminosydnone IX by reduction of 4-nitro- 
sydnone have been unsuccessful‘, the 
stability of this supposed compound might 
be called in question. 


Experimental 


3-Phenyl-4-bromosydnone (I).—The method 
of preparation of this compound is a little different 
from those reported earlier®. Into a solution of 
50g. of 3-phenylsydnone and 50 g. of fused sodium 
acetate in 400 cc. of glacial acetic acid was added 
dropwise 50g. of bromine under cooling and 
stirring. After a few minutes, the solution was 
diluted with a large quantity of water and the 
precipitate which separated out was filtered off. 
Recrystallization from ethanol gave 57 g. of white 
needles, m.p. 141°C. 

3-Phenylsydnone-4-carboxylic acid (III).— 
A solution of n-butyl-lithium in 100cc. of ether 
prepared from 3.1g. of lithium metal and 35g. 
of n-butyl bromide® was added dropwise to a 
suspension of 35g. of 3-phenyl-4-bromosydnone 
in 70cc. of anhydrous ether under a stream of 
nitrogen and under stirring and cooling to —50°C. 
After thirty minutes, the reaction mixture was 
poured over 50g. of powdered dry ice. When all 
the dry ice had been evaporated, the mixture 
was decomposed with water and the aqueous 
layer was washed three times with benzene and 
acidified with hydrochloric acid. The precipitate 


6) J.C. Earl and A. W. Mackney, J. Chem. Soc., 1935, 

7) W. Baker,W. D. Oillis and V. D. Poole, ibid., 1950, 

8) H. Kato and M. Ohta, J. Chem. Soc. Japan, Pure 
Chem. Sec. (Nippon Kagaku Zasshi), 77, 1304 (1956). 


9) R. G. Jones and H. Gilman, Organic Reactions, 6, 
352 (1951). 


-a dark red substance by warming; 
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which separated out was collected and recrystal- 
lized from ethanol giving 25g. of white needles, 
m.p. 193°C (decomp.). 

Anal. Found: C, 52.16; H, 3.19; N, 13.68. Calcd. 
for CgHeOQ,Ne (III): C, 52.43; H, 2.93; N, 13.59%. 

Methyl 3-phenylsydnone - 4 - carboxylate 
(IV).—Diazomethane prepared from 2g. of N- 
nitroso - N - methyl - p - toluenesulfonamide was 
absorbed into a suspension of 0.5g. of III in 20 cc. 
of ether. After a few minutes, the solution was 
concentrated and the crystals which separated 
out were collected and _ recrystallized from 
methanol giving 0.47 g. of colorless leaflets, m.p. 
142°C (decomp.) 

Anal. Found: N, 12.44. Caled. for CioHsO,N2 
(IV): N, 12.72%. 

3-Phenylsydnone-4-carboxamide (V).-——In 
5cc. of concentrated aqueous ammonia was sus- 
pended 0.2g. of III. After being kept standing 
for three days under room temperature, the pre- 
cipitate was collected and recrystallized from 
ethanol giving 0.13g. of colorless needles, m.p. 
227°C (decomp.). 

Anal. Found: N, 
(V): N, 20.48%. 

3-Phenylsydnone-4-carboxylic acid hydra- 
zide (VI).—Into a solution of 10 cc. of hydrazine 
hydrate and 4cc. of methanol was added 10g. of 
IV. After three hours, the crystals which separated 
out were collected, dissolved in chloroform, and 
reprecipitated by addition of ligroin, giving 9g. of 
yellow needles. This compound was turned into 
the latter 


20.50. Calcd. for C,H;O3N; 


decomposed at 303°C. 

Anal. Found: C, 49.05; H, 3.99; N, 25.07. Calcd. 
for CgHsO3N, (VI): C, 49.09; H, 3.66; N, 25.45%. 

When VI was warmed in methanol or in xylene, 
a dark red substance of m.p. 303°C (decomp.) 
separated out, which is insoluble in most solvents. 

Anal. Found: C, 45.92; H, 3.12; N, 25.36%. 

This compound was negative to Liebermann’s 
nitroso test, but turned positive to it after 
warming two hours with 5% sodium hydroxide 
solution. 

When VI was treated with carbonyl compounds 
at room temperature, the corresponding hydra- 
zones VII were obtained. Some of the derivatives 
of this type are listed in Table I. 

Example: To 0.1g. of VI was added a few 
drops of acetone. After a few minutes, petroleum 
ether was added and the crystals which separated 
out were collected, dissolved in acetone and re- 
precipitated by addition of petroleum ether giving 
0.08g. of white fine needles, m.p. 144~146°C 
(decomp.). 

3-Phenylsydnone-4-carboxylic acid azide 
(VIII).—Into a solution of 0.6g. of VI in 10cc. 
of 50% aqueous acid, was added 0.2g. of sodium 
nitrite under cooling. After thirty minutes, 
water was added and the crystals which separated 
out were collected, dissolved in acetic acid and re- 
precipitated by addition of water affording 0.52 g. 
of white needles, m.p. 102°C (decomp.). 

Anal. Found: C, 46.78; H, 2.54; N, 30.37. Calcd. 
for CgH;03,N; (VIII): C, 46.75; H, 2.18; N, 30.30%. 

When VIII was heated in ethanol, water or a 





Yoshisada OGINO, Masaaki OBA and Hiroshi UCHIDA 


[Vol. 32, No. 3 


TABLE I 
HYDRAZONES (VII) DERIVED FROM 3-PHENYLSYDNONE-4-CARBOHYDRAZIDE (VI) 
AND CARBONYL COMPOUNDS 


carbonyl compd. m.p. (°C)* 


acetone 144~146 
methyl ethyl ketone 147 
benzaldehyde 219 
cyclohexanone 130 
acetophenone 224 


* All melting points are with decomposition. 
a) acetone—petroleum ether; b) benzene—ligroin; c) benzene. 


Recrystallized from: 


solution of phthalic anhydride in pyridine, no 
identifiable substance could be isolated. When 
VIII was heated in acetic anhydride for fifteen 
minutes on a water bath, the solvent was removed 
under reduced pressure, and the residue treated 
with water, a solid substance was obtained, 
which soon underwent decomposition with evolu- 
tion of gas giving an unidentified oily substance. 


characteristics 


white needle® 

white needle 

pale yellow amorph.© 
white amorph.” 

pale yellow amorph.© 


N 
found calcd. 


21.59 21.53 
20.50 20.43 
18.13 18.18 
17.93 18.66 
17.22 17.38 


formula 


Ci2Hi203N, 
CisHigOsNy 
CieH1203N, 
CisHigO3Ny 
Ci7H14OgN, 


The authors are indebted to Mr. Asaji 
Kondo for carrying out the microanalyses. 


Laboratory of Organic Chemistry 
Tokyo Institute of Technology 
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Study on Zinc Oxide-Chromium Oxide Catalyst. III. 
Promoting Effect of Chromium Oxide on Catalytic Activities 
for Methanol Synthesis and Decomposition 


By Yoshisada OGINo, Masaaki OBA and Hiroshi UCHIDA 


(Received September 19, 1958) 


Several papers have appeared dealing 
with the promoting effect of chromium 
oxide in zinc oxide-chromium oxide cata- 
lysts on the catalytic activities for the 
methanol synthesis and decomposition. 
However only Natta’s paper has been able 
to discuss the subject from the kinetic 
view point, since there had not been any 
rate equation of the methanol synthesis 
before the one given by Natta’. Recently 
the authors of this paper have proposed 
a rate equation that gives the rate constant 
of the synthesis from a relatively small 
number of measurements”. By the aid of 
this rate equation a quantitative expres- 
sion of the activity becomes available 
more easily. This leads us to a further 
understanding of the promoting effect of 
chromium oxide. 


1) G. Natta, P. Pino et al., La Chimica e L’ Industria, 
35, 705 (1953). 

2) G. Natta, ‘‘ Catalysis III,’’ 345 (1955) (Edited by P. 
H. Emmett, Rheinhold Publishing Corp., New York). 

3) H. Uchida and Y. Ogino, This Bulletin, 31, 45 
(1958). 


Our previous paper® described the 
activity for the methanol decomposition 
in connection with the catalyst composi- 
tion along with its structural dependence, 
but the catalyst used in the study proved 
to have such a poor activity that an 
accurate determination on the synthesis 
was somewhat difficult. In the present 
study the catalyst has been prepared by 
a procedure different from the previous 
one, and necessary attention has been 
paid to obtain homogeneous structure of 
the catalyst. 


Experimental Procedure 


Catalyst Preparation.—The catalysts were 
made by treating a commercial zinc oxide powder 
(grade, pure) with an appropriate chromic acid 
solution. The mixture was kneaded into a paste, 
which was divided into two portions. One of 
them was allowed to dry immediately at room 
temperature, while the other was washed 
with acetone before drying. According to the 


4) H. Uchida and Y. Ogino, ibid., 29, 587 (1956). 





March, 1959] 


paper by Feitknecht et al.,°2 the washing furnished 
a means for separating a solid product from a 
liquid product in the paste without decomposition. 
The dried cakes were powdered and pressed into 
tablets, which were crushed and screened to 2 to 
3mm. particles. The catalyst produced directly 
from the paste is denoted catalyst A, while the 
one from the separated solid is denoted catalyst 
B. 

Further, another catalyst, denoted catalyst S, 
was prepared. A preparation of the catalyst B-9 
whose chromic acid content was equivalent to 
Cr/Zn ratio of 0.5 was reduced in hydrogen at 
350°C, and was leached with nitric acid at room 
temperature till any dissolution of uncombined 
oxide of zinc or chromium was hardly detectable. 
The remainder, according to the statement by 
T. Sato, was to give the crystal structure of 
zinc chromite spinel with no sign of either zinc 
oxide or chromium oxide. It was then treated in 
the same way as described above. The Cr/Zn 
ratio in the catalyst S was determined 1.6 by 
chemical analysis. 

Catalytic Activities for Synthesis and 
Decomposition of Methanol.—A reactor as 
described in our previous paper*) was used for 
the determination of catalytic activity for the 
methanol synthesis. The syntheses were con- 
ducted at several different temperatures from 
300 to 360°C at a constant pressure (150 kg./cm- 
of 2H,.+1CO gas) and space velocity (about 1-10‘). 
Methanol concentration in the exit gas from the 
reactor gave a measure of the activity. On the 
other hand, activity for the methanol decomposi- 
tion was given by a rate of carbon monoxide 
evolution, or percent of methanol decomposition, 
during a constant feed through a catalyst bed. 
The measurements were made at several different 
temperatures from 300 to 400°C. By-products in 
the synthesis as well as in the decomposition 
were determined by analytical methods as usually 
employed*'. 

Specific Surface Area.—-The specific surface 
area was determined from nitrogen adsorption 
data plotted according to the BET theory. 


Results 


Chemical Composition of Catalysts B.— 
In order to determine the time of kneading 
necessary for completion of the reaction 
between zinc oxide and chromic acid solu- 
tion, change in chemical composition of 
the solid in the paste with kneading times 
was pursued. It appeared that after only 
one hour of the kneading both Cr/Zn ratio 
and the crystallisation-water in the solid 
attained respective values which were 


5) W. Feitknecht and L. Hugi-Carmes, Helv. Chim 
Acta., 37, 2107 (1954). 

6) T. Sato, Lecture at the 
Catalysis, 1956 

*| Refer to our previous paper’:‘’, and also the paper 
by Brown et al. Und. Eng. Chem., 21, 310 (1929)) for 
analysis of dimethylether. 
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held approximately constant during the 
prolonged kneading extending twenty 
hours. The results clearly show that to 
the utmost two hours of the kneading are 
sufficient for completion of the reaction 
considered, and for producing a solid of 
homogeneous structure. 

In Fig. 1, the Cr/Zn ratio in the catalysts 
B is plotted against the ratio in the 
original pastes after kneading for two 
hours. The full line in Fig. 1 illustrates 


the fact that the quantity of chromic acid 
which is removable from the paste by 


~ 
oO 


Cr/Zn in catalyst 





S 
in 





= ——" 
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Cr/Zn in paste 
Fig. 1. Catalyst composition. 


catalysts A; @ catalysts B 


washing with acetone becomes larger ac- 
cording to the increasing ratio of Cr/Zn 
in the paste. The catalyst B, or the solid 
in the paste, can thus contain no more 
chromic acid than that equivalent to the 
Cr/Zn ratio of 0.5. The results also show 
that the solid is in equilibrium with the 
liquid of a higher chromic acid concentra- 
tion, the amount of which becomes larger 
according to the increase in chromic acid 
content in the paste*’. 

A plot corresponding to the series of 


*2 Chromic acid concentration of the liquids actually 
existing in equilibrium with the solids was determined, 
which follows: 
Cr/Zn in paste 1/3 1/2 [1.5 1 1.5 2.0 
Cr/Zn in solid 0.31 0.38 0.47 0.50 0.50 0.50 
Cr/Zn in liquid 0.82 1.17 1.78 1.85 1.89 1.95 
The results are essentially in agreement with those by 
Groeger’’. 
7) M. Groeger, Z. anorg. Chem., 70, 135 (1911). 
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catalysts A gives the straight line in the 
figure. 

Catalytic Activity for Methanol Syn- 
thesis and Decomposition.—Part of the 
results is shown in Fig. 2 presenting the 
methanol concentration as a function of 
the reaction temperature. From the data 
available, rate constants, k, have been 
calculated by the aid of the following rate 
equation proposed by us”, 
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320 340 360 
Reaction temperature (°C) 
Fig. 2. Methanol concentration as a function 
of reaction temperature at 150 kg./cm* and 
S. V. of 0.95—1.05-104. 





10 cc. cat.) 


‘hr. 





logy k at 340°C (mol. 
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Cr/Zn ratio in catalyst 
Fig. 3. Relation of Cr/Zn ratio to catalytic 
activity for synthesis. 
k’s were evaluated from the data in Fig. 2 
after the corrected values at S. V. of 1-10* 
had been estimated. 
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where K is the equilibrium constant of 
the synthesis, and are given in Fig. 3as a 
function of Cr/Zn ratio in the catalysts. 
The figure reveals that the series of cata- 
lysts A exhibits maximum activity at the 
Cr/Zn ratio which is a little less than 0.5, 
whereas catalyst B-10 of Cr/Zn ratio of 
0.5 gives activity higher than the catalyst 
A-7 of the same Cr Zn ratio. 

Molstad et al.,° and Frolich et al.” have 
done comprehensive work on the activity 
correlated to the Cr Zn ratio in a wider 
range. The present results give a maxi- 
mum activity at the same Cr/Zn ratio as 
pointed out by the former, but differ from 
the work of the latter in giving the maxi- 
mum activity at a somewhat higher Cr Zn 
ratio. The difference may mainly be due 
to our mode of catalyst preparation which 
is different from theirs. 

Catalyst S is of intermediate activity 
between catalyst B10 and catalyst A-10. 
Catalytic activity for the methanol decom- 
position is shown in Fig. 4 as a function 


(%0) 


min. g.) 


(m. mol. 





- 
> 


Total decomposition at 350 C 
log; dCO/dé at 350 


05 
Cr/Zn ratio in catalyst 
Fig. 4. Relation of Cr/Zn ratio to catalytic 
activity for decomposition. 
dotted lines, A series; full lines, B series. 


of Cr/Zn ratio in the catalyst. Tendencies 
similar to those found in the synthesis 
are found in the decomposition. Further- 
more an asymptotic rise of the activities 
of catalysts B with the increasing Cr Zn 
ratios up to 0.5 can be seen more clearly. 
The similarity between the changes in 
activity for the synthesis and for the 


8) M. C. Molstad and B. F. Dodge, Ind. Eng. Chem., 
27, 134 (1935). 
9) P. K. Frolich and D. S. Cryder, ibid., 21, 867 (1929). 
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TABLE I 
SPECIFIC SURFACE AREAS OF CATALYSTS 


Catalyst A-0 A-0 
Specific surface area®), m*/g. 5.8) 6.3 
Catalyst A-10 B-1 
Specific surface area‘), m?/g. 20 40 


A-1 A-2 A-3 
10 29 35 
B-2 B-4 B-9 
31 68 90 


a), numerals listed, except b), show the specific surface areas determined on the catalysts 


after having been used in the synthesis: b) 
before the synthesis. 


specimens reduced in hydrogen at 320~350°C. 


decomposition with the Cr/Zn ratios was 
once reported by Frolich et al..* 
Selectivity in Synthesis and Decomposi- 
tion.—In the synthesis, gaseous products 
such as carbon dioxide and methane were 
produced in extremely small amounts: 
increase in carbon dioxide concentration 
in the gas after the synthesis did not 
exceed one percent, and hardly any 
methane was detectable. Among the liquid 
products both formaldehyde and methyl- 
formate were usually found to be very 
small in amount (0.1% and 0.5% respect- 
ively), and because of the too small quan- 
tity of dimethylether produced, no ac- 
curate determination was probable by the 
method employed in this work. On the 
other hand, the zinc oxide catalyst gave 
the highest yield of water, which dimin- 
ished rapidly with the increasing Cr/Zn 
ratios in the catalysts (refer to Fig. 5). 
Anyhow, hardly any kind of effect of 


%) 


0) 


o4 





H.O in crude methanol (mol. 











0.5 


HCO,CH; per mole of decomposed methanol (mol. 


Cr/Zn in catalyst 
Fig. 5. Cr/Zn ratio in catalyst and selecti- 
vity in reactions. 


*3 In this respect any similarity was hardly found by 
Storch (J. Phys. Chem., 32, 1743 (1928)). 


is the area determined on the catalyst A-O 
c), the specific surface areas of catalysts B were determined on the 


chromic acid addition undesirable to the 
selectivity of the synthesis has been found. 

In the methanol decomposition, small 
quantities of carbon dioxide and formalde- 
hyde were produced, independent of the 
Cr Zn ratios in the catalysts, whereas 
the production of methylformate seemed 
closely correlated to the ratio (refer to 
Fig. 5). The correlation appeared re- 
markable on the series B of the catalysts: 
the yield was the greatest on the zinc 
oxide catalyst, and tended to decline re- 
gularly with the increasing Cr/Zn ratios. 
As for the series of the catalysts, a slight 
minimum of the yield appeared at a re- 
latively small Cr/Zn ratio. 


Specific Surface Area.— The _ specific 


surface areas which were determined on 


the catalysts after the synthesis are listed 
in Table I. With respect to the series A 
the area passes through a maximum at 
the Cr’/Zn ratio of 0.4. The individual 
catalysts of the B series show a larger 
specific surface area than the correspond- 
ing ones of the series A. 


Discussion 


Catalyst Composition and Catalytic 
Activity.—In the course of our manufac- 
turing the catalysts A, the liquid which 
contained chromic acid more abundantly 
than the solid in the paste left after drying 
the surface layer of higher chromic acid 
content at the back of the original solid 
particle, and the particle surface became 
more enriched with chromic acid than the 
particle interior. Therefore the chemical 
composition of the catalysts A can not 
indicate the real surface concentration of 
chromic acid. On the other hand, the 
chemical composition of the catalysts B 
can directly predict the concentration 
considered, since the catalyst was pro- 
duced from the solid, free of the liquid. 
Only the B series of the catalysts thus 
gives a correct relation of the catalytic 
activity to the chemical composition. 
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For the reason mentioned above, a 
maximum of the activity appearing at the 
Cr,/Zn ratio shortly before 0.5, which was 
usual in the previous work, is not the 
necessary relation between the activity 
and the chemical composition. An exces- 
sive addition of chromic acid may certainly 
cause decrease in the activity, since 
chromic acid alone is no more an active 
catalyst than zinc oxide alone, but an 
exact representation of the activity change 
in the intermediate range of the Cr/Zn 
ratio has not been established as yet*'. 
Catalyst Composition and Specific Cata- 
lytic Activity per Unit Surface Area.— 
By dividing the activity per gram of the 
catalyst by the specific surface area, the 
specific catalytic activity per unit surface 
area is obtained, and is plotted against 
the Cr/Zn ratio of the catalyst in Fig. 6. 
Over a wide range of the relatively high 
ratios, the specific activities for both the 
synthesis and the decomposition vary a 
little, gradually approaching either one of 
catalyst S. However, in the range of the 
low Cr/Zn ratio the specific activity for 
the synthesis rises with the increasing 
Cr/Zn ratios, whereas the one for the 
decomposition indicates the opposite. 
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Fig. 6. Relation between Cr/Zn ratio in 
catalyst and specific activity per unit sur- 
face area. 
above, decomposition; below, synthesis. 

@ shows the specific activity determined 
on catalyst A-0 after having been used 
in the synthesis. 


*4 In this respect a catalyst prepared by coprecipitation 
of hydroxides of zinc and chromium from a mixed 
solution of the nitrates was at first expected to give 
information, however it has proved difficult to obtain a 
catalyst of homogeneous structure as well as one of 
moderate activity by this procedure of preparation. 








[Vol. 32, No. 3 





It was at first sight apparently difficult 
to explain the results thus seemingly in- 
consistent with each other, but soon the 
following fact could shed some light upon 
the subject: the catalysts without and 
with a little chromic acid content turned 
gray after having been used in the syn- 
thesis for a few days, and came to give 
far lower activity for the decomposition 
than the original one having the clean 
surface, while regarding the catalyst of 
the higher chromic acid content neither 
darkening of the catalyst nor decrease in 
the activity for the decomposition occurred. 
This shows easier contamination of the 
surface of the former catalyst with carbon 
from carbon monoxide decomposition dur- 
ing the synthesis. If the catalyst surface 
remained clean, the series of catalysts 
with none and with a little chromic acid 
content should show the downward 
tendency of the activity for the synthesis 
with the increasing chromic acid contents. 

At any rate change in the activity based 
on unit surface area is far smaller than 
that in the activity based on unit mass 
(volume) of the catalyst. This suggests 
an apparent proportionality of the cata- 
lytic activity to the extent of the specific 
surface area, and furthermore, when 
combined with the relation of the specific 
surface area to the Cr/Zn ratio, an inter- 
crystalline promoting effect of chromic 
acid. 

Relation of Catalyst Composition to 
Activation Energy and Frequency Factor 
in Methanol Synthesis and Decomposition. 
—From Arrhenius’ plots of the rate con- 
stants of the synthesis and the decomposi- 
tion, the constants being based on unit 
specific surface area, the activation energy 
and frequency factor have been evalua- 
ted*®. Fig. 7 shows the plots of the energy 
and factor vs. the Cr/Zn ratio in the 
catalyst. Both of the plots similarly fall 
with the increasing Cr/Zn ratio rapidly 
at first, and then asymptotically approach 
respective minimum values of catalyst S*°. 

The addition of chromic acid thus causes 
decreases in both the frequency factor 
and the activation energy. The decrease in 
the former necessarily results in the fall 


*5 In our previous paper the plots on the rate of 
decomposition were given on the catalysts of a different 
procedure of preparation, and were found intersecting 
with each other at a definite 1/7. In the present re- 
sults the plots certainly show different slopes, but no 
intersection appears in the temperature range which is 
far lower than that in the previous paper. 

*6 Although the syntheses were not always conducted 
on the clean catalyst surface, the present tendency may 
be considered still inherent to the clean one. 
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Cr/Zn ratio in catalyst 
Fig. 7. Relation of Cr/Zn ratio in catalyst to 
activation energies and frequency factors 
of reactions. 
>, synthesis: @, decomposition. 
of the specific activity per unit surface 
area, which is simultaneously compensated 
with decrease in the latter. Consequently 
the specific activity per unit specific sur- 
face area can be maintained at the level 
of catalyst S, presumably a zinc chromite 
spinel, of moderate activity. 

At first sight one may be apt to consider 
chromic acid simply an intercrystalline 
promoter, namely a structural promoter 
responsible for production of high-area 
structure, but closer investigation as 
mentioned above leads us to the conclusion 
that chromic acid behaves not only as an 
intercrystalline but also as an intracrys- 
talline promoter, namely a promoter modi- 
fying the structure of the catalyst advan- 
tageously for preservation of the specific 
activity*’. Moreover, we should like to 


Natta stated that chromium oxide was an intercrys- 
talline promoter because of there being little change in 
the activation energy of the synthesis by the addition 


* changes 
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effect of chromic acid 
addition upon the improvement of the 
selectivity and prevention of carbon 
monoxide decomposition on the catalyst 
surface, which are suggestive rather of a 
intracrystalline than an _ intercystalline 
promoting effect. 


emphasize the 


Summary 


The catalysts have been prepared from 
pastes of zinc oxide powder kneaded with 
chromic acid solutions of different con- 
centrations. From the pastes two series 
of the catalysts have been produced, 
namely the one directly from the paste 
and the other from the solid, free of the 
liquid, in the paste. Only the results on 
the latter series can give the correct 
relation of the catalyst composition to the 
catalytic activity, which indicates the 
activity rising with the higher chromic 
acid contents to an asymptotic maximum 
at the Cr/Zn ratio of 0.5. 

The catalytic activity on the catalysts 
of different Cr/Zn ratios almost parallels 
the specific surface area of the catalysts, 
while the specific activity based on unit 
specific surface area of the catalysts 
in a far less degree than the 
change in activity per unit gram of the 
catalyst. These suggest an intercrystalline 
promoting effect of chromic acid. More- 
over the closer investigation on the activ- 
ity reveals that both the activation 
energy and the frequency factor of the 
reactions which are based on unit surface 
area show a downward tendency with the 
increasing Cr/Zn ratios asymptotically to 
their respective minimums of presumable 
zinc chromite spinel. This shows besides 
an intracrystalline promoting effect of 
chromic acid. 

Within the range of the present study, 
hardly any effect of chromic acid addition 
undesirable to the selectivity in the syn- 
thesis has been found. 

Government Chemical Industrial 


Research Institute, Tokyo 
Shibuya-ku, Tokyo 
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Non-exchange of Sulfur Atoms between Sulfate and Sulfonate Ions 


By Mitsuo MURAMATSU 


(Received October 3, 1958) 


Many works have been undertaken to 
determine whether the sulfur atoms in an 
organic molecule can exchange themselves 
with those in a molecule of another com- 
pound’. According to the reports pub- 
lished up to the present, a measurable 
rate was observed in the exchange reac- 
tions between alkyl disulfides and trisul- 
fides’, elementary sulfur and _ organic 
substances containing S-S or C=S bond”, 
sulfite and alkylthiosulfates”, and alkyl- 
polysulfides and alkylmercaptides”. These 
facts may be explained by the easiness of 
opening and subsequent closing of sulfur 
bond in organic compounds. However, no 
exchange seemed to be reported between 
other sulfur-containing compounds”. 

In order to obtain further information 
regarding the lability of sulfur bond and 
to study the possibility of introducing 
radioactive sulfur atoms into the molec- 
ules of organic compounds, the present 
author has attempted to study the ex- 
changeability of sulfur atom in sulfate 
with that in sulfanilate, naphthionate, /- 
naphthalenesulfonate, o-nitrophenolsulfo- 
nate, o-carboxybenzenesulfonate, m-nitro- 
benzenesulfonate and taurine. 


Experimental 


Sodium salts of taurine, sulfanilic acid and 
naphthionic acid were of reagent grade. Am- 
monium o-carboxybenzenesulfonate, sodium m- 
nitrobenzenesulfonate, o-nitrophenolsulfonate and 
§-naphthalenesulfonate were synthesized. All 
these sulfonates were recrystallized repeatedly 
and were dissolved to make a stock solution of 
0.25M. The solution of radioactive sulfate having 
specific activity of 10mC/mol. was prepared by 
dissolving purified sodium sulfate into a solution 
of carrier-free *SO,7~, to make a solution of 
0.25 M. 

Four cc. portions of sulfonate and sulfate solu- 
tions were transferred into a measuring flask 
and made up exactly to 10cc. and to a desired 
acidity with distilled water and dilute hydro- 
chloric acid or aqueous ammonia. The reaction 
mixture was then transferred into a reaction 
flask to which a reflux condenser was attached 
and was kept at desired temperature. 

After the supposed exchange reaction, inorganic 
sulfate was separated as barium salt and the 
specific activity of the precipitate and the re- 
maining sulfonate in the filtrate was determined 
separately after purification. In the case of 
naphthionate, another method of separation was 
also adopted; hydrochloric acid was added to the 
reaction mixture and the specific activity of 
naphthionic acid formed was determined. 


TABLE I 
FRACTION EXCHANGE, F, IN THE REACTION OF SODIUM SULFATE AND SODIUM 
NAPHTHIONATE: CONCENTRATION OF SODIUM SULFATE AND NAPHTHIONATE ARE 
BOTH 1/10 mol./1. pH=7 


Room temperature 91+42°C 
Time 
F, % Method of separation F, % Method of separation 

i hr. 0.1+0.1 BaSO, 

27 3.8+0-8 BaSO, 

4% 0.2+0.1 BaSO, 

9 4 2 2.0 BaSO, 

12 ? 0.5+1.1 BaSO, 

21 7 0.0+0.1 naphthionic acid 

28 7” 0.0+0.1 naphthionic acid 0.140.2 naphthionic acid 
22 days 0.0+0.2 BaSO, 
150 7 0.1+0.8 naphthionic acid 
161 7% 0.6+0.6 BaSO, 


1) G. Hevesy, “‘ Radioactive Indicators’’ (1948), Inter- 
science Publ., Inc., New York, p. 85; A. C. Wahl and N. 
A. Bonner, “* Radioactivity Applied to Chemistry ”’, (1951). 
John Wiley and Sons, Inc., New York, p. 346. 

2) E. N. Gur’yanova and V. N. Vasil’eva, Zhur. Fiz. 
Khim., 28, 60 (1954) 


3) E. N. Gur’yanova, ibid., 28, 60 (1954). 

4) A. Fava and G. Pajaro, J. Am. Chem. Soc., 78, 5203 
(1956). 

5) A. Favaand A. Illiceto, Ricerca Sci., 23, 839 (1954); 
S. Ikeda, J. Chem. Soc. Japan, Pure Chem. Sec. (Nippon 
Kagaku Zasshi), 79, 103 (1958). 
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Complex as Eluting Agent 


Radioactivity of each sample was measured by 
means of an end-window type GM counter. The 
quantity of the sample to be counted was little 
enough to ignore the self absorption of soft S-ray 
of sulfur-35. 


Results and Discussion 


It was observed that no measurable ex- 
change of sulfur took place between sul- 
fate and any organic sulfonates during a 
few decades of hours at temperature up 
to 91+2°C or during six months at room 
temperature. This was indeed the case 
at any pH from 2 to 10. Separation-in- 
duced exchange did not take place for 
any compounds studied, irrespective of the 
method of separation. Typical examples 
are shown in Table I. 

Such a difficulty of exchange may be as- 
cribed to the firm C-S bond in the sul- 
fonate ion, rather than the S=O bond in 


the sulfate. Actually, a slow rate of ex- 
change of the oxygen atom in the reaction 
of sulfate ion with H,'°O” is not sufficient 
to explain the present results. Such a 
conclusion is in accord with what is 
familiar in organic chemistry. 


The author wishes to thank Professor 
T. Sasaki for his criticism and many help- 
ful suggestions. The cost of this research 
was defrayed from the Scientific Research 
Expenditure of the Ministry of Education. 


Department of Chemistry 
Faculty of Science 

Tokyo Metropolitan University 
Seiagaya-ku, Tokyo 


6) T. C. Hoering and J. W. Kennedy, J. Am. Chem. 
Soc., 79, 56 (1957); T. Titani and K. Goto, This Bulletin, 
14, 77 (1939), etc 


Ion-Exchange Separation of Cerium and Thorium 
with Lead-EDTA Complex as Eluting Agent 


By Tomitsugu TAKETATSU 


(Received October 11, 


Vickery” reported that when EDTA 
was used as eluant, separation of two 
metal ions by ion-exchange resin became 
more effective by introducing a _ third 
metal ion having a peak position of elution 
between those of the two ions, than the 
separation without the third metal ion. 
The method, using a third metal-EDTA 
complex solution as eluant was studied in 
this paper, instead of adding the third 
metal ion to the sample solution. Schwar- 
zenbach et al.” determined the formation 
constants of cerium(III)-, lead(IID- and 
thorium(IV)-EDTA complexes and gave 
values 10'®°, 10'**° and 10°’, respectively. 
The separation of cerium and thorium 
ions was tried here by cation exchange 
resin with lead-EDTA. 


Experimental 


Reagents and apparatus.—Solution of lead- 


1) R.C. Vickery, J. Chem. Soc., 1952, 4357. 
2) G. Schwarzenbach, R. Gut and G. Anderegg, Helv. 
Chim. Acta, 37, 937 (1954). 


1958) 


EDTA complex in various concentrations was 
prepared by adding a measured volume of a 
0.1 mole solution of disodium salt of ethylene- 
diaminetetraacetic acid to a 0.1 mole lead nitrate 
solution of the same volume, the pH controlled 
with aqueous ammonia and nitric acid and filled 
up to 1000 ml. with distilled water. Thorium or 
cerium standard solutions were prepared by dis- 
solving their nitrate in distilled water and the 
concentrations were determined gravimetrically 
as their oxides. The results were 5.38 mg./ml. 
(ThO,) and 12.00 mg./ml. (CeO.). 

The cation exchange resin Dowex 50 of am- 
monium form and of 50100 mesh was used in 
a column of 5cm.x0.6cm*. 

General procedure.—The following procedure 
was recommended. A slightly acidic mixed solu- 
tion of cerium and thorium ions was poured 
over the top of the column and the ions were 
adsorbed on the resin bed. After the resin bed 
was washed with 100ml. of water, 250ml. of a 
0.015M solution of lead-EDTA complex (pH 3.0) 
was passed through the column at a flow rate of 
1.0~1.5 ml./min. in order to elute thorium ions. 
It was again washed with 100ml. of water and 
cerium ions were eluted with 3N hydrochloric 
acid. Lead ions remaining in the column were 
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precipitated as lead chloride but gradually redis- 
solved in hydrochloric acid and eluted from the 
resin bed. 

Analytical method.—The first effluent con- 
taining thorium and lead ions was dried up, and 
treated with concentrated sulfuric and _ nitric 
acid to decompose EDTA®. Lead ions were 
thus removed as lead sulfate. The second 
effluent containing cerium and lead ions was 
similarly treated. Cerium and thorium ions were 
precipitated with aqueous ammonia and their 
concentrations determined gravimetrically as 
oxides. 


Results and Discussion 


The quantities of thorium and cerium 
used were 26.9mg. (ThO.) and 44.1 mg. 
(CeO.,), respectively. The effects of various 
conditions of the eluant on the rate of 
separation were examined, i.e., the con- 
centration of lead-EDTA complex solution, 
the pH and the flow rate. 

Effect of the concentration.—Lead-EDTA 
complex solution with concentrations 
varying from 0.010 to 0.020 mole was used 
as eluants. The pH value was fixed at 
3.0 and the flow rate at 1.5ml./min. Each 
100 ml. of the effluents was collected and 
the concentration of thorium or cerium 
ions was determined. The data obtained 
are given in Fig. 1. 
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Fig. 1. Elution of thorium ion at different 

concentrations of eluants. 
A: 0.020 mol. lead-EDTA complex solution. 
B: 0.015 mol. lead-EDTA complex solution. 
C: 0.010 mol. lead-EDTA complex solution. 


It can be seen that thorium ions were 
completely eluted with 200 ml. of 0.020 and 
0.015 mole eluants but incompletely with 
500 ml. of 0.010 mole eluants. On the other 
hand, cerium ions were not eluted with 
the eluants under the same conditions. 

Effect of pH.—In order to determine 


3) W. F. Hillebrand and G. E. F. Lundell, ‘* Applied 
Inorganic Analysis”’ (1929), John Wiley & Sons, Inc., 
New York, p. 61. 
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the optimum pH, 0.015 mole eluants of pH 
2.4, 3.0 and 4.7 were used. The elution 
graphs for thorium ions are shown in 
Pie. 2. 


effluent 


oF 
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Fig. 2. Elution of thorium ion at different 
pH values of eluants. 
A: pH 2.4 B: pH 3.0 C: pH 4.7 


The data indicate that thorium ions 
were most effectively eluted at pH 3.0, 
whereas cerium ions were not eluted in 
the range of pH between 2.4 and 4.7. 

Effect of flow rate.— The flow rate studied 
was 0.6, 1.2 and 2.0ml./min. Each 50 ml. 
of the effluent was collected and the con- 
centration of thorium ions was determined. 
The results are shown in Fig. 3. 


, of thorium in the 
effluent 





0 
100 200 ( 100 7 0 
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Fig. 3. Elution of thorium ion at different 
flow rates. 
A: 0.6 ml./min. B: 
C: 2.0 ml./min. 


1.5 ml./min. 


From the elution graphs it can be seen 
that the amount of thorium ions in the 
effluent increases with decrease of the 
flow rate. However, a flow rate of 1.0~ 
15 ml./min. was employed to make the 
time taken for an experiment reasonable. 
Cerium ions were not eluted at any flow 
rate of the eluant. 

The optimum conditions for the separa- 
tion were as follows: the concentration of 
the lead-EDTA complex solution was 0.015 
mole, pH 3.0 and the flow rate 1.0~1.5 
ml./min. Fig. 4 shows that cerium ions 
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Complex as Eluting Agent 


were not eluted even with 1000 ml. of the 
lead-EDTA solution at the optimum con- 
ditions. 


and cerium 
in the effluent 


, of thorium 


200. 300 
volume of effluent, ml. 


Fig. 4. Elution graph of thorium and 


cerium. 

A: 0.015 ml. lead-EDTA com- 
plex solution. 

lB: 3N HCI solution. 


eluant 


On the other hand, when only an EDTA 
solution of the concentration of 0.015 mole 
was used as eluant at pH 3.0 and at a flow 
rate 1.0~1.5 ml./min. instead of the lead- 
EDTA complex solution, cerium ions 
began to ‘iow out even in the first fraction 
of the volume of 50 ml. 
lead ions as the third element in the lead- 
EDTA complex gave a remarkable effect 
on the efficiency of the separation. 

The results of analyses for various 
quantities of the two ions by this procedure 
are shown in Table 1. 


TABLE I 
SEPARATION OF CERIUM AND THORIUM IONS 
(mg.) 


Taken. (mg.) Found. 


Tho, CeO, ThO, Error CeO, Error 
39.5 19.6 39.7 0.2 19.6 +0.0 
26.9 12.0 26.9 +0.0 11.7 0.3 
53.8 12.0 53.6 —0.2 11.9 0.1 


A qualitative detection by the fluorescent 
X-ray spectrometer ‘‘ Norelco’’ showed 
that there was neither cerium in the 
thorium oxide fraction nor thorium in the 
cerium fraction. Thus, it was concluded 
that the separation of cerium and thorium 
ions was quantitatively carried out. 

At the optimum conditions of the separa- 


This shows that — 


tion of cerium and thorium ions, the _ be- 
havior of other rare earth ions was ex- 
amined. Rare earth ions, i.e., lanthanum, 
cerium, praseodymium, neodymium, dys- 
prosium and yttrium and a trace of 
thorium were extracted from allanite and 
adsorbed on the resin bed. The total 
weight of their oxides was about 123.2 mg. 
After 250 ml. of the 0.015 mole lead-EDTA 
solution (pH 3.0) was passed through the 
resin bed, the rare earth and thorium 
ions in the effluent and in the resin bed 
were separately determined gravimetrical- 
ly as oxides. Each rare earth oxide was 
qualitatively detected by the fluorescent 
X-ray spectrometer. Heavy lanthanons, 
gadolinium, dysprosium and yttrium and 
thorium (total oxides 11l.lmg.) were 
detected in the effluent; on the other 
hand, light lanthanons, lanthanum, cerium, 
praseodymium, neodymium, samarium and 
gadolinium (total oxides 112.0mg.) were 
found to remain in the resin bed. 

Further studies are under way on the 
separation of the rare earths with the 
lead- and other-EDTA complex solutions 
as eluants. 


Summary 


The separation of cerium and thorium 
ions was studied with a lead-EDTA com- 
plex solution as eluant. The optimum 
conditions were determined as the follow- 
ing: the concentration of the lead-EDTA 
solution was 0.015mole, pH 3.0 and the 
flow rate 1.0~1.5ml./min. Thorium ions 
were completely eluted with 200 ml. of the 
eluant at the optimum conditions, while 
no cerium ions were detected in the 
effluent with 1000ml. of the eluant. Thus 
the use of a lead-EDTA complex solution 
as eluant was concluded to be effective 
for separation of cerium and thorium 
ions. 


The author wishes to express his grat- 
itude to Professor S. Misumi for his 
valuable discussion and encouragement. 
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Faculty of Science 
Kyushu University 
Hakozaki, Fukuoka 








294 Manabu FUJIMOTO 


Phenothiazine Derivatives. III». 


[Vol. 32, No. 3 


Mechanism of the Reaction 


of Diphenylamine with Thionyl Chloride 


By Manabu FuJIMoTO 


(Received September 24, 1958) 


In the preceding paper” of this series, 
it was reported that diphenylamine (I) re- 
acts violently with thionyl] chloride, thionyl] 
bromide and sulfuryl chloride, and that 
thionyl chloride transforms diphenylamine 
(I) into 1,3,7,9-tetrachlorophenothiazine 
(II), while thionyl bromide and sulfury] 
chloride transforms it merely into 2, 4,6, 2’, 
4',6’-hexabromodiphenylamine and _ the 
corresponding hexachlorodiphenylamine 
(III), respectively, as shown schematically 
in Chart I, where arrows with crosses 
indicate that the expected changes do 
not take place by the action of thionyl 
chloride. 

Thionyl bromide is less stable than 
thionyl chloride, decomposing slowly even 
at room temperature as follows: 


4SOBr.->S. Br. +3Br, + 2SO., 


Therefore, in its reaction with diphenyl- 
amine (I) it gives an extensively bro- 
minated product, hexabromodipheny]- 
amine. On the other hand, the sulfonyl 
group in sulfuryl chloride is so stable 
that the reagent can react with diphenyl- 


amine (I) only as a chlorinating agent 
(Chart I). 

The present paper deals with the charac- 
teristic reaction of thionyl chloride with 
diphenylamine which has been further 
studied closely. The reaction involves at 
least two processes, namely, phenothiazine 
ring formation and chlorination of the 
benzene nuclei, but the sequence of the 
two processes is to be determined. 

As already reported”, phenothiazine (IV) 
and its 5-oxide (V) react with thionyl 
chloride to form the same _ tetrachloro- 
phenothiazine (II). Nevertheless, it has 
now been found that the hexachloro- 
diphenylamine (III), 2,4, 2’, 4’-tetrachloro- 
diphenylamine (VII)”, 2-chlorodiphenyl- 
amine (VIII) and phenothiazine 5, 5-dioxide 
(VI) do not react with thionyl chloride. 
On the other hand, the tetrachloropheno- 
thiazine (II) was obtained from the reac- 
tion of 4-chlorodiphenylamine (IX) and 
thionyl chloride. Therefore, it may be 
concluded that the first process of the 
reaction giving the chlorinated pheno- 
thiazine is the sulfur-bridge formation to 


CHART I 





1) Part II; H. Kan6 and M. Fujimoto, Pharm. Buill., 
5, 393 (1957). 
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TABLE I 
Thionyl Volume of Time of Recovered Diphenylamine Tetrachloro- 
Solvent chloride solvent ~ diphenylamine hydrochloride phenothiazine 
reflux ‘ 3 - 
(g.) (ml.) (%) (%) (%) 
Benzene 0.7 30 1 hr. 71 26 2 
4.2 4 “4 78 _ 10 
Carbon tetrachloride 0.7 20 4 80 13 
4.2 ” 30 min. 58 33 
Gj y 8 hr. 57 -- 28 
give the phenothiazine ring system, fol- chloride was as follows. To a diphenylamine or 


lowed by the chlorination to yield the 
final product II. 

It was expected that dilution with an 
inert solvent, such as benzene or carbon 
tetrachloride, might moderate the reaction 
and make it possible to catch an inter- 
mediate of the phenothiazine type, such 
as phenothiazine (IV), its 5-oxide (V), 
phenazathionium chloride or hydroxide. 
But moderation of the reaction gave mainly 
diphenylamine hydrochloride along with 
a small amount of the final product II 
(Table I). This result can be interpreted 
by assuming that the dilution with an 
inert solvent retards greatly the first 
process of phenothiazine formation, but 
the chlorination of the phenothiazine once 
formed is relatively rapid. 

In the reaction of diphenylamine to give 
the tetrachlorophenothiazine (II), color 
development of brown to dark green and 
the presence of sulfur monochloride or 
dichloride in the thionyl chloride in reflux 
are always observed, which facts suggest 
intermediate formation of phenazathio- 
nium chloride, because it is known that 
penazathionium chloride and hydroxide 
form dark brown needles”. Thus the 
reaction mechanism may be represented 
as follows: 





Cl 
eC 
f f I | ik 
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\3HCI ~44HCl 
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As phenothiazine 5, 5-dioxide is a sulfone, 
so it would not be transformed into a 
phenazathionium compound, and thus it 
can reasonably be expected that it will 
resist the attack by thionyl chloride. 


Experimental 


Treatment with Thionyl Chloride. — The 
general procedure for the treatment with thionyl 

3) E. de B. Barnett and S. Smiles, J. Am. Chem. 
Soc., 95, 1255 (1909). 


* poured on ice. 


a phenothiazine derivative (1 g.), 10 ml. of thionyl 
chloride was added dropwise, and the mixture 
was heated gently under reflux for 55min. Hydro- 
gen chloride and sulfur dioxide were evolved 
when a reaction took place. The cooled solution 
was poured onto crushed ice. 1,3,7,9-Tetrachloro- 
phenothiazine (II) was obtained yellow crystals 
from diphenylamine (I), phenothiazine (IV), the 
5-oxide (V) and 4-chlorodiphenylamine (IX). 
Recrystallized from benzene, it showed m.p. 235 
~236°C. The yield was nearly quantitative. 
2,4, 6, 2', 4',6'-Hexachlorodiphenylamine (III), 2, 4, 
2',4'-tetrachlorodiphenylamine (VII), 2-chloro- 
diphenylamine (VIII) and phenothiazine 5,5- 
dioxide (VI) were recovered intact. 

Treatment of Diphenylamine with Thionyl 
Chloride in Solution.—Diphenylamine (1 g.) 
was dissolved in a solvent, and thionyl chloride 
dissolved in the same solvent was added drop by 
drop. The mixture was refluxed, cooled, and 
After filtration, the organic layer 
was separated, dehydrated over sodium sulfate, 
and passed through a column of alumina. Elution 
first with the same solvent and then witha mix- 
ture of the solvent and acetone gave the results 
listed in Table I. 

Diphenylamine Hydrochloride. — Recrystallized 
from methanol-ethyl acetate. Colorless needles, 
m.p. 195~196°C (decomp.). 

Anal. Found: C, 69.80; H, 5.96; N, 6.75. Calcd. 
for CyH;2NCl: C, 70.04; H, 5.88; N, 6.81 %. 

Treatment with Sulfuryl Chloride.— One 
gram of each of diphenylamine (I), and chlorinated 


Cl 
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diphenylamines, VII, VIII and IX, was treated 


with 10 ml. of sulfuryl chloride. When the initial 
violent reaction ceased, the solution was refluxed 
for 30min., and poured onto crushed ice. The 
precipitate was collected, dried, and recrystallized 
from ethanol. The product was always 2, 4, 6,2’, 
4',6'-hexachlorodiphenylamine (III) which was 
obtained in colorless needles, m.p. 138~139°C. 
The yield was quantitative. 2,4,2', 4'-Tetrachloro- 
diphenylamine (VII) was prepared from dipheny]- 
amine by the action of sulfuryl chloride in ethyl 
ether». Colorless needles, m.p. 141~142°C (from 
acetic acid). Yield, 74%. 
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Phenothiazine Derivatives. IV. Reactions of Thionyl Chloride 
with Some Substituted Diphenylamines and 
with Naphthylphenylamines 


By Manabu Fujimoro 


(Received September 24, 1958) 


In part III” of this series, the reaction 
of thionyl chloride with diphenylamine was 
investigated in detail. The present paper 
describes similar reactions of thionyl 
chloride with some substituted dipheny]l- 
amines and with naphthylphenylamines. 

N- Substituted Diphenylamines. — N- 
Acetyldiphenylamine (I), methyldipheny]l- 
amine (II), and triphenylamine (III) were 
treated with thionyl chloride with results 
represented schematically in Chart I. 
While N-acetyldiphenylamine (I) was com- 
pletely transformed into 1,3,7,9-tetra- 
chlorophenothiazine (IV), methyldiphenyl- 
amine (II) gave 7% of 3,7-dichloro-10- 
methylphenothiazine (V)” besides 89% of 
the same tetrachlorophenothiazine (IV). It 


appears that the substituents on the 
nitrogen atom exerted some steric hin- 
drance on the ortho positions to the nitro- 
gen atom, and they were either removed 
to give way to chlorine atoms entering 
these positions or retained to hinder 
chlorination in these positions. With 
thionyl chloride, triphenylamine (III) gave 
a nearly quantitative yield of a product 
CisHioNC13S, which is probably 3, 7-dichloro- 
10-(4'-chloropheny]l) phenothiazine (VI) con- 
sidered on the basis of the orienting and 
the steric effects, but with sulfuryl chloride 
it gave a hexachlorotriphenylamine in a 
high yield, which is supposed to be 2,4, 2’, 
4',2'' 4"'-hexachlorotriphenylamine (VII) 
from a similar consideration. 


CHART I 
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1) Part Ill: This Bulletin, 32, 294 (1959). 
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2) A.C. Schmalz and Burger, J. Am. Chem. Soc., 
76, 5458 (1954). 
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Diphenylamines Substituted in the Ben- 
zene Nuclei.—2-, 3- and 4-nitrodipheny]- 
amines were found inert to thionyl] chloride, 
and likewise, phenyl-(2-, 3-, and 4-)tolyl- 
amines did not give the corresponding 
phenothiazines. On the other hand, 3- 
hydroxy- (VIII), 4-hydroxy- (IX), 4-amino- 
(X), 4,4’-diamino- (XI) and 4-amino-4’- 
methoxy- (XII) diphenylamines reacted 
normally, as shown in Chart II. Assign- 


CHART II 
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ment of the structures to the products is 
discussed below. 

As observed previously’, the reaction 
of unsubstituted diphenylamine with 
thionyl chloride proceeds through the form- 


Derivatives. IV 


ation of the intermediate phenazationium 
chloride and _ subsequent’ chlorination 
to give 1,3,7,9-tetrachlorophenothiazine, 
which shows that positions 1,3,7 and 9 of 
the intermediate phenazathionium chloride 
are rendered reactive in the chlorination 
by the effect of the nitrogen atom (posi- 
tion 10). 3-Hydroxydiphenylamine (VIII) 
is expected to produce 2-hydroxyphenaza- 
thionium chloride as the intermediate, in 
which the hydroxyl group will favor 
chlorination in positions 1 and 3. Thus, 
the product C,.H;sONCI,S from 3-hydroxy- 
diphenylamine (VIII) and thionyl chloride 
is assumed to be _ 1,3,7,9-tetrachloro-2- 
hydroxyphenothiazine (XVIII). Never- 
theless, in the redundant 3-substituted 
phenazathionium intermediates from 4- 
hydroxy- (IX) and 4-amino- (X) diphenyl- 
amines, the hydroxy! group and the amino 
group in position 3 will orient chlorination 
to positions 2 and 4. As the hydroxyl 
group and the amino group have strong- 
er orienting effects than the imino group, 
it is expected that positions 2, 4, 7 and 9 of 
the 3-substituted phenazathionium inter- 
mediates are reactive toward chlorination. 
Thus, the phenothiazone C,,H;ONCI1,S 
obtained from 4-hydroxydiphenylamine 


. (IX) is assumed to be 2,4,7,9-tetrachloro- 


3-phenothiazone (XIX), and the phen- 
azathionium chloride C;.H;N-CI;S obtained 
from 4-aminodiphenylamine (X) to be 3- 
amino-2, 4,7, 9-tetrachlorophenazathionium 
chloride (XX). For similar reasons, the 
product C,;.H;N;Cl;S from 4, 4’-diaminodi- 
phenylamine (XI) and thionyl chloride is 
supposed to be 3,7-diamino-2, 4,6, 8-tetra- 
chlorophenazathionium chloride (XXI), 
and the product C,;H;ON-.CI;S from 4- 
amino-4'!-methoxydiphenylamine (XII) and 
thionyl chloride to be 3-amino-2,4,6, 
8 - tetrachloro-7-methoxyphenazathionium 
chloride (XXII). 2-Hydroxydiphenylamine 
gave exceptionally only an unpurifiable 
black tarry mass. 
Naphthylphenylamines. — a - Naphthyl- 
amine (XIII) reacted normally with thionyl 
chloride to form a_e single product 
C,;H;NC1,S, probably x,5,9,11-tetrachloro- 
benzo [a] phenothiazine® (XV). There are 
two possibilities for the positions of cycliza- 
tion in §-naphthylphenylamine (XIV), and 
in fact two products with formulae 
CisHeNCI;S and C,H;NCI,S, respectively, 
were separated chromatographically from 
the reaction mixture of §-naphthylphenyl- 
amine (XIV) and thionyl chloride (Chart 
Il). The product C,;HsNCI;S obtained in 
a larger amount is supposed to be the 
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linearly cyclized compound, 1,3,x,x’,11- 
pentachlorobenzo [b] phenothiazine? (XVI). 
It melts at 147~149°C, and gives dark 
blue coloration with sulfuric acid. Then 
the minor product C,;;,H:;NCI,S may be 
x,6,8,10-tetrachlorobenzo|[c] phenothiazine” 
(XVII). It melts at 217~219°C (decomp.) 
and produces dark green color with sul- 
furic acid. These two benzophenothiazines 
could not be distinguished from each other 
in the ultraviolet and infrared absorption 


spectra. 


Experimental 


Thionyl chloride (10 ml.) was added dropwise 
to 1.0 g. of the compound to be treated with the 
reagent, and the mixture was gently heated under 
reflux for 30 min., when hydrogen chloride and 
sulfur dioxide were evolved. The cooled mixture 
was poured onto ice, and the product was col- 
lected and dried. The following substances were 
obtained, depending upon the starting materials. 

1,3,7,9-Tetrachlorophenothiazine (IV) and 
3,7-Dichloro-10-methylphenothiazine (V).— 
The mixed product, obtained from methyldiphenyl- 
amine (II) as the starting material, was recrys- 
tallized from a mixture of ethanol and benzene. 
1,3,7,9-Tetrachlorophenothiazine (IV), m.p. 235~ 
236 C, crystallized out in yellow needies in a 
yield of 89%,. The mothe: liguor was evaporated, 
and the residue was recrystallized from 50% 
aqueous ethanol.  3,7-Dichloro-10-methylpheno- 
thiazine (V), m.p. 129~130°C, was obtained in 
yellowish-green needles in a yield of 7%. The 
two substances were identified with authentic 
samples'», respectively. The former IV was 
also obtained quantitatively from N-acetyldi- 
phenylamine (I). 

3, 7 - Dichloro-10 - (4'-chloropheny!]) pheno- 
thiazine (VI).—-Obtained from triphenylamine 
(III). Yellow fine crystals from benzene, m.p. 
131~132°C. Yield, 91%. The substance shows 
indigo-blue coloration with sulfuric acid. 

Anal. Found: C, 57.54; H, 2.89; N, 4.16. Calcd. 
for CysH;oNCl,S: C, 57.09; H, 2.66; N, 3.70%. 

1,3, 7, 9-Tetrachloro- 2 - hydroxy phenothia- 
zine (XVIII).—-Obtained from pure 3-hydroxy- 
diphenylamine (VIII), and recrystallized from 
chloroform-ethanol. Fine powder with chocolate 
color, m.p. 202~203°C (decomp.). Yield, 92%. 
The substance is soluble in 10% aqueous caustic 
soda, and produces blue-violet color with sulfuric 
acid. 

Anal. Found: C, 40.49; H, 1,54; N, 4.03. Caled. 
for CyHsONCI,S: C, 40.82; H, 1.43; N, 3.97%. 

2,4,7,9-Tetrachloro-3-phenothiazone (XIX). 

Derived from freshly distilled 4-hydroxydi- 
phenylamine (IX). White crystals with pinkish 
tinge from ethanol-benzene, m.p. 145~146°C. 
Yield, nearly quantitative. It gives cobalt-blue 
coloration with sulfuric acid. 


3) The nomenclature of these benzophenothiazines 
conforms to the “‘ Ring Index ’”’ (1940). 


[Vol. 32, No. 3 


Anal. Found: C, 41.11; H, 1.01; N, 4.00. Calcd. 
for C,.H;ONCIL,S: C, 41.06; H, 0.86; N, 3.992%. 

3-Amino-2, 4, 7, 9- tetrachlorophenazathio- 
nium Chloride (XX).—Obtained from freshly 
rectified 4-aminodiphenylamine (X).  Reddish- 
violet fine powder from chloroform, m.p. 185~ 
186 C. Yield, 86%. It gives reddish-violet colora- 
tion with sulfuric acid. 

Anal. Found: C, 37.40; H, 1.10; N, 7.30. Calcd. 
for C,oH;N2Cl;S: C, 37.28; H, 1.30; N, 7.25%. 

3,7-Diamino - 2, 4, 6, 8 - tetrachlorophenaza- 
thionium Chloride (Tetrachlorothionine) 
(XXI).--From pure 4,4'-diaminodiphenylamine. 
Bluish-purple fine powder from methanol, m.p. 
over 360 C. Yield, 94%. It gives dark green 
coloration with sulfuric acid. 

Anal. Found: C, 36.13; H, 1.78; N, 10.46. Calcd. 
for C,;2HeN3ClsS: C, 35.90; H, 1.51; N, 10.47%. 

3-Amino- 2, 4, 6, 8 - tetrachloro-7-methoxy- 
phenazathionium Chloride (X XII).—Obtained 
from 4-amino-4'-methoxydiphenylamine (XII). 
Bluish-violet fine powder from methanol, m.p. 
281~284-C (decomp.). Yield, 82%. Its color in 
sulfuric acid is bluish violet. 

Anal. Found: C, 37.22; H, 1.41; N, 6.97. Calcd. 
for C,,;H;ON.2CI1;S: C, 37.47; H, 1.69; N, 6.73%. 

x, 5,9, 11 - Tetrachlorobenzo [a] phenothia- 
zine (X V).—One gram of a-naphthylphenylamine 
(XIII) gave 1.7 g. (96%) of this compound (XV) 
in reddish-violet fine crystals, which was purified 
chromatographically, and then recrystallized from 
benzene, m.p. 266~268°C. Its coloration with 
sulfuric acid is bluish violet. 

Anal. Found: C, 49.43; H, 2.19; N, 3.15. Calcd. 
for CigH;NCI,S: C, 49.65; H, 1.82; N, 3.62%. 

1,3,x,x', 11-Pentachlorobenzo(b] phenothia- 
zine (XVI) and x,6,8,10-Tetrachlorobenzo 
[c]phenothiazine (XVII).—One gram of £- 
naphthylphenylamine (XIV) gave 1.8g. of a crude 
crystalline mixture. The mixture was dissolved 
in 20ml. of benzene, and passed through a 
column of alumina. The chromatogram was eluted 
first with the same solvent and then developed 
with a mixture of chloroform and ethanol. The 
first fraction gave a substance in yellow fine 
crystals, which was assumed to be 1,3,x,x’',1I1- 
pentachlorobenzo[b]phenothiazine (XVI). Re- 
crystallized from chloroform-ethanol, it melts at 
147~149°-C and gives dark blue coloration with 
sulfuric acid, Yield, 1.2 g. (622%). 

Anal. Found: C, 45.32; H, 1.88; N, 3.07. Calcd. 
for CysHeNCI;S: C, 45.57; H, 1.43; N, 3.3225. 

The second fraction, which was strongly fluo- 
rescent in solution, gave another substance in 
fine yellow crystals, which was assumed to be 
the other possible product, x, 6,8, 10-tetrachloro- 
benzo[c]phenothiazine (XVII). Recrystallized 
from chloroform-ethanol, it melts at 217~219°C 
(decomp.). Yield, 0.5g. (28%). It gives dark 
green coloration with sulfuric acid. 

Anal. Found: C, 49.70; H, 2.04; N, 3.57. Caled. 
for CisH:NClS: C, 49.65; H, 1.82; N, 3.6225. 

Reaction of Triphenylamine (III) with 
Sulfuryl Chloride.—Sulfuryl chloride (10 ml.) 
was added to 1.0g. of triphenylamine (III), and 
the mixture was gently refluxed for 30 min., and 
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poured onto crushed ice. The precipitate was 
collected, dried, and recrystallized from ethanol. 
2,4, 2', 4',2'', 4''-Hexachlorotriphenylamine (VII) 
was obtained in colorless crystals, m.p. 78~79°C. 
Yield, 92% of the theory. It remains colorless 
with sulfuric acid. 

Anal. Found: C, 47.66; H, 
for CisHgNCl,e: C, 47.83; H, 


2.44; N, 3.17. Calcd. 
2.01; N, 3.10%. 


Summary 


Reactions of thionyl chloride with some 
substituted diphenylamines and_ with 
naphthylphenylamines were studied. N- 
Acetyldiphenylamine gave the known 1,3, 
7,9-tetrachlorophenothiazine. Methyldi- 
phenylamine gave a small yield of the 
known 3, 7-dichloro-10-methylphenothiazine 
besides the same tetrachlorophenothiazine 
as the main product. The following new 
compounds were obtained from respective 
starting materials and their structures 
were deduced: 3,7-dichloro-10-(4’-chloro- 
phenyl)-phenothiazine from _ triphenyl- 
amine, 1,3,7,9-tetrachloro-2-hydroxypheno- 
thiazine from 3-hydroxydiphenylamine, 2, 
1,7,9-tetrachloro-3-phenothiazone from 4- 
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hydroxydiphenylamine, 3-amino-2,4,7,9- 
tetrachlorophenazathionium chloride from 
4-aminodiphenylamine, 3,7-diamino-2, 4,6, 
8-tetrachlorophenazathionium chloride 
from 4, 4'-diaminodiphenylamine, 3-amino- 
2,4, 6, 8 - tetrachloro-7-methoxy phenazathio- 
nium chloride from 4-amino-4’-methoxy- 
diphenylamine, x,5,9,11-tetrachlorobenzo- 
[a] phenothiazine from a-naphthylpheny]l- 
amine, and 1,3,x,x’, 11-pentachlorobenzo- 
[b] phenothiazine and x, 6, 8, 10-tetrachloro- 
benzo[c] phenothiazine from {-naphthyl- 
phenylamine. 
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members of the Center of Microanalytical 
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Studies on Organic Reagents for Inorganic Analysis. V. 
m-Nitrophenylfluorone for the Spectrophotometric 
Determination of Zirconium 


By Hirotoshi SANO 


(Received September 17, 1958) 


For the determination of zirconium, the 
phenylfluorone (abbreviation for 2,3,7- 
trihydroxy-9-phenylfluorone) method was 
recommended previously by the present 
author and Kimura”. The reactions be- 
tween phenylfluorone and several metals 
were also studied?*». The method, which 
is about forty times more sensitive than 
the alizarin red S method”, is the most 
sensitive method for the colorimetric 
determination of zirconium, but the ab- 


1) K. Kimura and H. Sano, This Bulletin, 30, 80 
(1957). 

2) H. Sano, ibid., 30, 790 (1957). 

3) H. Sano, Japan Analyst (Bunsecki Kagaku), 7, 235 
(1958). 

4) E. B. Sandell, ‘‘Colorimetric Determination of 
Traces of Metals’’, 2nd Ed., (1950), Interscience Publi- 
shers Inc., New York. 


sorbance of the chelate decreases with 
increasing acidity in the solution. On the 
other hand, several derivatives of phenyl- 
fluorone were synthesized by the author, 
and the effect of the substituent on the 
utility of the derivative as a spectrophoto- 
metric reagent was studied®’». The results 
suggested that m-nitrophenylfluorone (ab- 
breviation for 2,3,7-trihydroxy-9-(3'-nitro- 
phenyl)fluorone) was one of the most 
excellent reagents in view of the sensitiv- 
ity, stability, and other characteristics. 
In this paper, detailed procedure for the 
spectrophotometric determination of zirco- 
nium using this reagent is described. 


5) H. Sano, This Bulletin, 30, 672 (1958). 
6) H. Sano, ibid., 3, 974 (1958). 





300 Hirotoshi 


Experimental and Results 


Apparatus and Reagents Used.-—- The 
absorbance measurements were made with a 
UVISPEK spectrophotometer using a 10 mm. glass 
cell. The reference cell contained distilled water 
for all the measurements, except for the measure- 
ment of the absorption spectrum of the chelate, 
in which the blank solution was used asa refer- 
ence solution. 

Ethanolic solution of m-nitrophenylfluorone was 
made up in the following way: m-nitrophenyl- 
fluorone was synthesized from hydroxyhydro- 
quinone triacetate and m-nitrobenzaldehyde 
according to the prescription reported previous- 
ly*-, and 0.120g. of this reagent was dissolved 
in 150ml. of ethanol and 1 ml. of 5N hydrochloric 
acid by warming. After being cooled, the solution 
was diluted to 200ml. with ethanol. 

Ethanolic solution of phenylfluorone was pre- 
pared dy dissolving 120mg. of phenylfluorone in 
150ml. and 1lml. of 5N hydrochloric acid, and 
diluting to 200 ml. with ethanol. 

Zirconyl chloride stock solution was prepared 
by dissolving analytical grade zirconyl chloride 
octahydrate in 1N hydrochloric acid, and stand- 
ardized gravimetrically using distilled aducous 
ammona. This solution contains 2.07mg. of 
zirconium per ml. A working solution was pre- 
pared from the stock solution by dilution with 
dilute hydrochloric acid, every time an experi- 
ment was made, 

Cyclohexanol.—Reagent grade cyclohexanol was 
used without further purification. 

Ethanol: Reagent grade 99% ethanol was used. 

Fundamental Reaction.—-The treatment of 
slightly acidic solution of zirconyl ions with an 
excess of a standard m-nitrophenylfluorone solu- 
tion results in a color change from yellow to 
red; an orange-red colored precipitate appears, 
aftar it is allowed to stand. Various organic 
solvents, such as acetic acid anhydride, acetone, 
benzene, carbon disulfide, carbon tetrachloride, 
chloroform, cyclohexane, cyclohexanol, dioxane, 
ethanol, ethyl acetate, diethyl ether, ethyl iso- 
propy! ketone, isobutanol, isopropanol, ditsopropy] 
ether, methanol, n-pentanol, n-butanol and petro- 
leum ether were tried to dissolve the precipitate 
of zirconium m-nitrophenylfluoronate, with little 
success. Then an attempt was made to keep 
the complex in the supersaturated or colloidal 
solution with the addition of a suitable stabi- 
lizer. A cyclohexanol-ethanol mixed _ solution 
was found to be the most favorable stabilizer. 
In the experiments described below, all the 
solutions were made to a total volume of 25 ml. 
The order of the addition of the reagents was 
always the same. The zirconium solution was 
added first; and acid, ethanol, cyclohexanol, and 
ethanolic solution of m-nitrophenylfluorone were 
added in this order. 

Spectral absorbance data for the reagent blank 
and 20.7 7g. of zirconium (following the standard 
procedure mentioned later) are given in Fig. 1. 
The absorption maximum of the dye and the 
chelate was found at 475 my and 550 my, respec- 
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tively. The optimum wavelength was taken as 
550my: because at this point the absorption caused 
by the blank solution is small and that by zir- 
conium m-nitrophenylfluoronate is the greatest. 








Absorbance 





Wavelength (my) 


Fig. 1. Absorption spectra. 

Curve A: Reagent blank (Reference solution: 
water) 

Curve B: 20.7 yg. Zirconium 
solution: water) 

Curve C: 20.7 yg. Zirconium (Reference 
solution: reagent blank solution) 


(Reference 


Effect of Cyclohexanol and Ethanol Con- 
centration.—A precipitate of zirconium m-nitro- 
phenylfluoronate is obtained after a while from 
a solution containing no cyclohexanol and less 
than 5ml. of ethanol. The colored solution be- 
comes stable as an increasing amount of cyclo- 
hexanol is added, but cyclohexanol layer separates 
from ethanolic water layer when the amount of 
cyclohexanol becomes relatively great in com- 
parison with that of ethanol. The solution shows 
no difference in the position of absorption maxi- 
mum when the amount of cyclohexanol! or ethanol 
added is changed, although there was a slight 
difference in the detailed shape of the absorption 
curve. From these results, 2.5ml. of cyclo- 
hexanol, 5 ml. ethanol, and 5 ml. ethanolic solution 
of m-nitrophenylfluorone were taken as the 
optimum. In this condition, the solution gives 
no visible precipitate of m-nitrophenylfluoronate 
in zirconium concentration below 3 wg. per 25ml. 
by being allowed to stand for a day or more. 

Effect of Acidity.—-The effect of acid con- 
centration upon the absorbance given by 20.7 sg. 
of zirconium and 3mg. of m-nitrophenylfluorone 
is illustrated in Fig. 2, together with the case 
given by 20.7 4g. of zirconium and 3mg. of 
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phenylfluorone* for the purpose of comparison. 
The absorbances shown in Fig. 2, are the values 
observed thirty minutes after the preparation of 
the solution. In the acidity range higher than 1.5N 
hydrochloric acid concentration, the absorbances 
increase slowly with increasing digestion time, 
so the plateau range of the curve extends a little. 
In the case of m-nitrophenylfluoronate the ab- 
sorbance is almost independent of hydrochloric 
acid concentration in the region below 0.1N, 
whereas no plateau range is found above 0.05N 
acid concentration in the case of phenylfluoronate. 

Effect of Digestion Time.— The effect of 
digestion time on the absorbance given by 5.0. 
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0.05 0.1 0.2 03 
Hydrochloric acid concentration (log. scale) 
Fig. 2. Effect of acidity. 

Curve A: Zirconium m-nitrophenylfluoronate 
(Reference solution: water) 

Curve B: Zirconium phenylfluoronate (Refer- 
ence solution: water) 
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of zirconium and 3mg. m-nitrophenylfluorone in 
0.1N hydrochloric acid solution is shown in Fig. 
3. In a solution containing zirconium above 4y¢g., 
a precipitate of zirconium m-nitrophenylfluoronate 
is obtained after the solution is allowed to stand 
for a day, but the stable suspension can regene- 
rate with a short shaking by hand. The absorb- 
ance remains nearly constant for forty minutes 
after the preparation. 

Standard Procedure.—-From the results above 
mentioned, the following was recommended as 
the optimum procedure. 

Transfer the sample solution (less than 10 ml.) 
to a 25ml. volumetric flask. When the sample 
contains more than 20 to 25 yg. zirconium, an 
aliquot portion of the sample solution containing 
the desired amount of zirconium in final volume 
is pipetted into a 25ml. volumetric flask. Ad- 
ditional acid will then be required to bring the 
acidity up to 0.10N hydrochloric acid used in the 
determination of zirconium with m-nitrophenyl- 
fluorone. Adjust the volume to about 10 to 12ml. 
with distilled water. Add 5ml. of ethanol, 2.5 
ml. of cyclohexanol, and 5 ml. of ethanolic solution 
containing 3 mg. of m-nitrophenylfluorone in this 
order. Make up the solution to the mark with 
distilled water, mix with shaking by hand, allow 
to stand for an hour, and obtain the absorbance 
of the solution in the spectrophotometer at 550 
my using a 10mm. glass cell and distilled water 
as a control solution. Determine the amount of 
zirconium by reference to the standard working 
curve prepared previously. 

Working Curve.—Data for the working curve 
are given in Fig. 4. These data were obtained 
following the standard procedure. A straight-line 
relationship between the absorbance and the 
amount of zirconium is shown up to 0.6p. p.m. 
Solutions containing from 0.6 to 1.0p.p.m. 
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Fig. 3. 


Effect of digestion time. 


540 my (Reference solution: water) 


-@- 550myp ( 
560 my ( 


* The absorbance measurements were made by a 
procedure similar to that of -nitrophenylfluoronate. 
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deviate slightly from Beer’s law but their absorb- 
ances are reproducible. The region from 0 to 
0.10 p. p.m. of zirconium was examined in detail 
for any deviation from the straight-line relation- 
ship, but none was found. In Fig. 4, the working 
curves used in the Alizarin Red S method and 
in the Phenylfluorone mothod are shown for the 
comparison of the sensitivities of the methods. 
Effect of Diverse Ions.—The effect of various 
ions was studied using 0.3p.p.m. of zirconium. 
The standard procedure was employed, with the 
exception that the desired amount of the diverse 
ion was added into a volumetric flask prior to 
the addition of the zirconium solution. The con- 
centrations of zirconium and diverse ion are ex- 
pressed on the basis of the final volume 25 ml. 
The change in absorbance was then measured at 
550my. Errors of less than 3% of the zir- 
conium present were considered to be negligible. 
A negligible error was obtained with the following 
maximum about; 
2000 p. p.m. of: sodium, potassium, ammonium 
and magnesium ions. 
1000 p. p.m. of: calcium, 
and mercuric ions. 
500 p. p.m. of: lanthanum, neodymium, cer- 
rous, cadmium and zinc ions. 
100 p. p.m. of: aluminum and thorium ions. 
Chloride, bromide, nitrate (2000 p.p.m.) and 
sulfate (1000 p.p.m.) ion do not interfere with 
the reaction. Some elements give interference 
by increasing the color intensity. Some elements 
quench the color due to zirconium m-nitrophenyl- 
fluoronate. Table I lists the interfering ions and 
their effect. Serious interference is given by the 


barium, strontium 
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Zirconium (p. p. m.) 
Working curve. 

This method. 
Phenylfluorone method. 
Quercetin method. 
Alizarin S method. 


Fig. 4. 
Curve A: 
Curve B: 
Curve C: 
Curve D: 
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following ions: titanium, germanium, tin, iron 
(III), antimony, oxalate, phosphate and fluoride. 


TABLE I 
INTERFERING DIVERSE IONS 

Amount Permissible 
Ion added amount 

p. p. m. p. p.m. 
2 3 
10 0.6 
40 0.01 

.06 

10 ok 


9 


Error 
vO 
Fe(II) 
Fe(III) 
Ti(IV) 
Ge(IV) 
Sn (IV) 
As (III) 
As(V) 10 
Sb (IIT) 10 
Sb(V) 10 
F 25 
C.0,7- 20 
HPO,- 20 


to 


5 


oo co © 


own pr tv 


Discussion 


The color change arising from the reac- 
tion of m-nitrophenylfluorone with zirconi- 
um closely resembles the case of phenyl- 
fluorone, namely the shift of the absorp- 
tion maximum caused by chelate formation 
is 7>mv in m-nitrophenylfluorone, and 72 
my in phenylfluorone”’, whereas the dif- 


ferences of the absorption maximum be- 
tween the phenylfluorone or its zirconium 
chelate and m-nitrophenylfluorone or its 
zirconium chelate are 7 and 10my#, re- 
spetively. The trend in the effect of the 
acidity of the solution on the absorbance 
is, however, considerably different. In 
the m-nitrophenylfluorone method recom- 
mended here the constancy of the absorb- 
ance is obtained at the region of the 
acidity below 0.10n hydrochloric acid con- 
centration, whereas there is no such con- 
stancy in the phenylfluorone method. This 
will be caused by the effect of the m-nitro 
group attracting the electron of the —OH 
group at 3 position and increasing the 
electronegativity of the oxygen atom. 
Furthermore, it was fortunately found 
that the absorbance of m-nitrophenyl- 
fluoronate was greater than that of the 
corresponding phenylfluoronate. The com- 
parison of the sensitivities by several 
methods is shown in Fig. 4. The sen- 
sitivity of this method, given by the in- 
clination of the working curve, is nearly 
fifty times as great as that the alizarin 
red S method”, about five times that of 
the quercetin method’, and about 1.2 
times for the phenylfluorone method”. In 


7) F. S. Grimaldi and C. E. White, Amal. Chem., 25, 
1886 (1953). 





March, 1959] 


the region from zero to 0.15p.p.m. of 
zirconium, the solution remains without 
any visible precipitation for three days 
or more, so the stability of the absorbance 
seems to be greater than that in the 
phenylfluorone method. These facts show 
the method is excellent for the determina- 
tion of a micro amount of zirconium. 


Summary 


The spectrophotometric determination 
of a micro amount zirconium, using m- 
nitrophenylfluorone, has been described. 
The method recommended here, which is 
carried out in 0.1 Nn hydrochloric acid solu- 
tion, shows nearly fifty times the sensitiv- 
ity of the alizarin red S method, about 
five times that of the quercetin method, 
and about 1.2 times that of the phenyl- 
fluorone method reported previously as 
the most sensitive reagent by the author 
and K. Kimura. The solution becomes 
stable enough to carry on the spectro- 
photometric determination by adding some 
cyclohexanol and ethanol, and no precipita- 
tion is found for the small amount of 
zirconium. Furthermore, the stability for 
increasing acidity in the solution is greater 


than that of the phenylfluorone method. 
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The method is found to be suitable for 
the determination of 0 to 0.5 p. p.m. of 
zirconium. Transfer the sample solution 
(less than 10ml.) to a 25ml. volumetric 
flask. Then add additional acid to bring 
the acidity up to 1.0n hydrochloric acid 
and 7.5ml. cyclohexanol-ethanol (1:2) 
mixed solution, and 5ml. ethanolic solution 
containing 3mg. m-nitrophenylfluorone in 
that order. Adjust the volume to 25ml., 
shake the solution, allow to stand for one 
hour, and read the absorbance of the 
solution with a spectrophotometer at 550 
my with l-cm. glass cells and distilled 
water as a control solution. Oxalate, 
fluoride, phosphate, titanium, germanium, 
iron(III) and antimony cause. serious 
interference. 


The author is indebted to Professor 
Emeritus Kenjiro Kimura and Professor 
Nobufusa Saito for their encouragement 
in carrying out this study. The author is 
also grateful for a grant from the Ministry 
of Education. 
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Synthesis of Trimethylboron from Boric 
Anhydride or Borate* 


By Jun Iyopa and Isao SuHiHarRAa 
(Received November 26, 1958) 


Many organoboron compounds have been 
prepared by the action of Grignard rea- 
gents” on boron trihalides or esters of 
boric acid. But so far as is known, there 
is no report** on the synthesis of organo- 
boron compounds from naturally occuring 
materials such as boric anhydride or 
sodium borate directly. Related reactions 
are concerned only with sodium hydride” 
at a temperature as high as 330°C in an 
autoclave. Recently, with progress in the 
study of organoaluminum compounds, 
many attempts have been made to utilize 
organoaluminum compounds in related 


reactions in place of Grignard reagents’. 
Previously 


we” found that the silicon- 
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TABLE I 
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oxygen bond in polymeric form was 
cleaved and alkylated simultaneously with 
organoaluminum compounds. In the pre- 
sent communication, this reaction was ap- 
plied to boron-oxygen compounds and it 
was found that organoboron compound 
was obtained directly from inorganic boric 
anhydride or its salts in a good yield. 
The reaction was carried out as follows. 
Methylaluminum sesquichloride? (CH:); 
AlCl; was added to a boron compound in 
an inert atmosphere and the reactant was 
refluxed at 150 to 170°C for several hours, 
and trimethylboron (b. p. —21.8°C) gener- 
ated was caught by a dry-ice acetone trap. 
The results obtained are shown in Table 
I. In the case of boric anhydride the 
yield of trimethylboron is especially good 
and almost quantitative but it is somewhat 
low in the case of borate. It is interesting 
to note that when the reaction was car- 
ried out in isoamyl ether solution, no tri- 
methylboron was produced. Also, by the 
use of methylmagnesium chloride in the 
same ethereal solution, no methyl-boron 









REACTION OF METHYLALUMINUM SESQUICHLORIDE WITH BORON COMPOUNDS 


Me;Al.Cls Reacn. Reacn. as 
B compd. temp. time BMe, Yield 
(g.) (m. mole) (g.) (m. mol.) (°C) (hr.) (g.-) (%) 

B(OBu); 40 (172) 25.5 (124) room over 6.5 93.6 

temp. night 
B.O; 10.5 (151) 54 (251) 100~170 6 14 68.8 
Na,.B,O; 12 ( 60) 50 (244) 140~160 4 §.5 

170* 3 4.0 71.3 
B.O3 6 ( 87) MeMgCl**/400cc. 150~160 6 - 

i-Am:,O 

B.O; 6 ( 87) 42/50g. i-Am.O 150 5 — 








* after eight days. 
** from 12g. (0.5mole) of Mg. 


* Presnted before the Symposium of Organosilicon 
and Organometallic Compounds at Osaka, October 18, 
1958. 

1) M.S. Kharasch and O. Reinmth, ‘“‘ Grignard Reac- 
tions of Nonmetallic Substances’’, Prentice-Hall Inc., 
New York (1954). pp. 1335; M. F. Lappert, Chew. Rev., 
56, 959 (1956). 

** Recently, R. K6ster reported briefly that trialkyl- 
borons were synthesized by the reaction of trialkyl- 


aluminum with trialkylboroxole [RBO]3, but not obtained 
from boric anhydride directly because of the decomposition 
of the trialkylaluminum compounds. 

2) H 


See ref. 4. 


I. Schlesinger and H. C. Brown, U. S. Patent. 








I. Schlesinger, H. C. Brown and A. E 


2534533 (1950); H. 
Finholt, J. Am. Chem. Soc., 75, 208 (1953). 

3) For examples, Kali-Chemie A. -G., Brit. P., 768, 765. 
(1957). 
R. KOster and K. Ziegler, Angew. Chem., 69, 94 (1957). 
Chem. and Ind. News, 3%, No. 17, 66 (1958). 

4) R. Koster, Angew. Chem., 70, 371 (1958). 


5) I. Shiihara, H. Takahashi and J. lIyoda, the 11th 
Annual Meetings of Chemical Society of Japan in Tokyo, 
April 1958. 

6) J. lyoda and I. Shiihara, the Symposium of Organo- 
silicon and Organometallic Compounds at Osaka, October 
15, 1957 
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compounds were obtained. These results 
are explained as follows: both organo- 
metallic compounds are stabilized by the 
etherate formation with ether, and con- 
sequently their affinity toward the oxygen 
of the boron-oxygen bond are lowered. 


Osaka Industrial Research Institute 
Daini, Oyodo-ku, Osaka 





Coexistence of Two Different Molecular 
Forms within a Single Crystal of 


L- Valine 


By Masamichi Tsusor, Tadao TaKkenisui* 
and Yoichi liraka 


(Received December 25, 1958) 


In the course of our work on the in- 
frared absorption spectra of amino acids, 
we found that a crystal of t-valine gives 
a spectrum quite different from that of a 
crystal of pi-valine (Fig. 1). 
of the bands observed for the pi-valine 
crystal is that expected from one valine 
molecule’, and almost every band has 
been assigned to one of the vibrational 
modes expected for the molecule”. While, 
the t-valine crystal shows much more 
bands than the pi-valine crystal does. For 
example, instead of the band at 680cm~™! of 
the pi-crystal, which is assigned to the 
COO~- scissoring mode, the L-crystal shows 
two bands at 715 and 663cm~'. These are 
situated too far apart to be considered as 
arising from one molecular vibration due 
to the splitting in the crystalline force 
field. A pair of bands is also observed in 
the spectrum of the t-crystal, instead of 
each of the bands of the pi-crystal at 774, 
818, 890, 925, 948, 1035, 1105, 1181, 1320, 1355, 
1406, 1593 and 1629cm These observa- 
tions may lead us to a view that the t- 





* Central Research Laboratory, Ajinomoto Co., Inc. 
Kawasaki, Kanagawa. 

1) That the DL-valine crystal is composed of molecules 
of one form is evident from the space group (C;!—/Pr), 
the unit cell dimensions (a=5.25A, 6=5.43A, c=11.05A, 
a@=91°, B=92.4°, y=109.4°), and the the density (1.315g 
cem.~*) of this crystal; this space group requiring two 
crystallographically similar units within one unit cell, 
and the unit cell dimensions and the density requiring 
two molecules (D and L) in each unit cell. Details will 
be shown elsewhere (M. Tsuboi, T. Takenishi and Y 
litaka, to be published). 


2) M. Tsuboi and T. Takenishi, to be published. 


SHORT COMMUNICATIONS 


The number. 





305 


valine crystal belongs to an unusual type 
of crystal composed of molecules of one 
species of two different forms. 

This view is supported by an X-ray 
examination. From the oscillation- and 
Weissenberg-photographs of the t-valine 
crystal the following data were obtained: 
monoclinic, a=9.71 A, b=5.32 A, c=12.08 A, 
8=90.8°. Its density was reported by 
Cohn et al.” to be 1.230g.cm~*, which 
shows that there are four molecules per 
one unit cell, its density calculated being 
1.247 g.cm~*. Systematic extinctions on 
the photographs indicate the space group 
to be either C.’-P2, or C2’?-P2;/m. The 
piezoelectricity is detected of this crystal ; 
accordingly, the possibility of C.°-P2;/m 
is eliminated, and the space group is 
determined to be C,’-P2;. This space 
group requires onlv two crystallographic- 
ally similar units (related by the twofold 
screw axis) within one unit cell. This 
requirement is fulfilled by supposing that 
the four molecules in one unit cell are in 
two sets of two molecules of different 
forms”. 

The question may now be raised, what 
is the difference between these two forms. 
Considered on the basis of what are at 
present known on the internal rotation 
around the C-C single bond”, three rota- 
tional isomers are possible for the valine 
molecule, i.e., trans, gauche I, and gauche 
II isomers (Fig. 2; A, B, and C). The 
energy differences among these three iso- 
mers may be very small as are the energy 
differences between the trans and gauche 
isomers of symmetric tetrachloroethane*? 
and between those of symmetric tetra- 
bromoethane®” (Fig. 2; D and E). The 
two molecules of different forms, compos- 
ing the t-valine crystal, are probably two 
of these three isomers. 

Similar rotational isomers with the 
small energy differences are also possible 
for the isoleucine molecule, in which one 
of the two methyl groups of the valine 
molecule is substituted by the ethyl group. 
Then, the existence of isoleucine crystals 
composed of two rotational isomers may 








































3) E. J. Cohn, T. L. McMeekin, J. T. Edsall and J. H 
Weare, J. Am. Chem. Soc., 53%, 2270 (1934). 

4) S. Mizushima, “ Structure of Molecules and Internal 
Rotation ” Academic Press, New York, 1954; M. Hayashi, 
T. Shimanouchi and S. Mizushima, This Bulletin, 29, 
802 (1956). 

5) K. Naito, I. Nakagawa, K. Kuratani, I. Ichishima 
and S. Mizushima, J. Chem. Phys., 23, 1907 (1955). 

6) R. E. Kagarise and K. H. Rank, Trans. Faraday 
Soc., 48, 394 (1952); R. E. Kagarise, J. Chem. Phys., 23, 
207 (1955); 24, 300 (1956). 

7) M. Hashimoto, T. Shimanouchi and S. Mizushima, 
ibid., 24, 172 (1956). 
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Infrared absorption spectra of DL-valine and L-valine crystals. 
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Fig. 2. Rotational isomers of L-valine and 
symmetric tetrabromoethane. 


be conjectured. Asa matter of fact, there 
is an tL-isoleucine crystal which shows 
much more bands than a pt-isoleucine 
crystal (Fig. 3). This may correspond to 
one of what have been above conjectured. 


We wish to express our sincere thanks 
to Professor San-ichiro Mizushima and Dr. 
Takehiko Shimanouchi in the University 
of Tokyo, and to Professor Isamu Nitta and 
Mr. Hiroyuki Tadokoro in Osaka Univer- 
sity for their kind helps and valuable 
suggestions. Our thanks are also due to 
Drs. Haruomi Oeda and Tetsuo Ogawa in 
Ajinomoto Co., Inc., for their encourage- 
ment throughout this work. 
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Fig. 3. Infrared absorption spectra of 
DL-isoleucine and L-isoleucine crystals. 


vo-u Absorption of Cholesterol and 
Epicholesterol* 


By Michinori Ox: and Hiizu Iwamura 
(Received January 6, 1959) 


The authors observed two vo-1 absorp- 
tions with 3-buten-l-ol”, and attributed 


* Added in proof: While this paper was in press, P. 
von R. Schleyer, D. S. Trifan and R. Bacskai (J. Am 
Chem. Soc., 80, 6691 (1958)) reported the same pheno- 
menon for these compounds without noticing the unsym- 
metry of the O-H stretching band of cholesterol. 

1) Part III of intramolecular interaction between 
hydroxyl group and «-electrons. 

2) M. Oki and H. Iwamura, This Bulletin, in press. 
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TABLE I 
vo-h ABSORPTION OF CHOLESTEROL AND EPICHOLESTEROL 


Vmax 
(cm~*) 


I (3613.0) 
cholesterol Il 3623.0 


epicholesterol 4 pe ag 


Compound vo-n band 


one at the lower wave number (3596.1 
cm~') to the intramolecular interaction 
between hydroxyl group and z-electrons 
of the double bond. Then it was naturally 
expected that the concept would be appli- 
cable to more complex molecules, such as 
steroids. 

The molecular scale models indicate 
that the steric requirement is fulfilled for 
such a kind of interaction to take place 
in epicholesterol® (I), but not in cho- 
lesterol®? (II). 


CH, 


pst 


Measurements of the O-H stretching ab- 
sorption in the fundamental region showed 
that it is really the case. As shown in 
Fig. 1, epicholesterol gave two distinct 
maxima, while cholesterol a normal band 
for secondary alcohols, although the band 
can be divided into two as in the cases of 
other secondary alcohols? (Table I). The 
measurements and the calculation were 
carried out similarly as reported previ- 
ously?» 

Comparison of the integrated intensities 
of band I (interacted form) and of band 
II (free) of epicholesterol with the corres- 
ponding values of 3-buten-l-ol shows that 
the number of molecules with internal 
interaction between hydroxyl group and 
the z-electrons of the double bond is much 


3) Pure samples of these substances were kindly 
donated by Miss K. Mori of this laboratory, to whom the 
authors’ thanks are due. 

4) M. Oki and H. Iwamura, This Bulletin, in press 

5) M. Oki, H. Iwamura and Y. Urushibara, ibid., 

30, 769 (I9F&). 


Ax1073 
(mole~!-liter-cm~*) 
(1.05) 

3.47 


Avmax 
(cm~!) 


10 


Avi/2 

(cm~') 

(18.4) 
16.4 


32.0 


2.6 
16.8 0.8 34.1 








on a 
3600 


3650 3550 


Wave number (cm~) 
Fig. 1. vo-» absorption of cholesterol 
( ) and of epicholesterol (----). 


greater in epicholesterol than in 3-buten- 
1-ol, since the integrated intensity of band 
I of epicholesterol is greater than that of 
3-buten-1l-ol (1.93 10° mole-'-liter-cm~*) 
and the A;/An value is 3.1 for epicho- 
lesterol and 0.6 for 3-buten-l-ol. The re- 
verse in the intensities of the two bands 
in these compounds can be attributed to 
the more favorable conformation of epi- 
cholesterol than that of 3-buten-l-ol. 
Namely, when the interaction takes place, 
the conformation of C-C-C-O must be a 
gauche form which will cause greater un- 
stability in term of energy and unfavor- 
able entropy change in 3-buten-l-ol, while 
the conformation favorable for the inter- 
action is fixed in epicholesterol. 


O. CH; 


CH 
H 3 
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The possibility for A ring of cholesterol 
to take a boat form (III) to some extent 
is denied, as far as the present data 
concern, because no absorption band was 
observed that would have been expected 
if cholesterol had possessed structure III 
favorable for the interaction. 

This finding may be utilized for the 
analysis of epicholesterol in a mixture and 
similar phenomena will be observed in 
many other compounds of the same type. 
Examination of the scale models reveals 
that only the axial hydroxyl group is 
capable of forming this kind of interac- 
tion in steroids. Possibility for use in the 
diagnosis of the hydroxyl group is under 
investigation. 


Department of Chemistry 
Faculty of Science 
The University of Tokyo 
Hongo, Tokyo 


Asymmetric Synthesis of Threonine by 


Optically Active Complex Ions of 


Cobalt 


By Masuo Murakami and 


Kozo TakaHAsui* 
(Received January 8, 1959) 


The structure of an octahedral com- 
plex containing two or three molecules of 
an optically active bidentate coordinating 
agent is defined by the configuration of 
these bidentate molecules, and the number 
of stable isomers of these complexes is 
limited by asymmetric effect of these 
bidentate molecules’. For example, the 
reaction of dextro-1, 2-trans-diaminocyclo- 
pentane with dichloro-bis(levo-cyclopenta- 
diamine)cobalt(III) chloride gives only 
p[Co(l-cptdin);)Cl; and t[Co(d-cptdin)s] - 
Cl”. 

On the basis of these results, Bailar et 
al. attempted to resolve some of racemic 
coordinating substances by the aid of an 
optically active complex. They failed to 
obtain optically active alanine, leucine, 


* Present Address: Hasune Factory, Yamanouchi 
Pharmaceutical Co., Ltd., Itabashi-ku, Tokyo. 

1) J. C. Bailar, Jr., ‘‘ The Chemistry of the Coodination 
Compounds”’, Reinhold Publishing, Corporation, New 
York (1956), p. 313. 

2) F. H. Jaeger and H. B. Blumendal, Z. anorg. al 
lgem. Chem., 175, 161 (1928). 
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phenylalanine and propylenediamine’’, but 
succeeded in the case of tartaric, a-chloro- 
propionic acid and lactic acids by this 
method”. These facts suggest possibility 
that an effective asymmetric synthesis may 
be brought about by a reaction whereby a 
new asymmetric carbon atom is formed 
through the coordinating molecule of an 
optically active octahedral complex. 

Recently, Akabori et al. reported an 
excellent method for the synthesis of 
threonine by means of a Knoevenagel type 
condensation of acetaldehyde with the 
active methylene group of glycine copper 
complex». We have attempted to syn- 
thesize optically active threonine by means 
of the reaction mentioned above from 
optically active complexes of the type 
[Co B» glycine]. 

One gram of levo-glycino-bis(ethylene- 
diamine)cobalt(III) iodide, which was pre- 
pared according to the direction of 
Meisenheimer®”, was allowed to react at 
room temperature with 0.34 cc. of acetalde- 
hyde in 5cc. of 4% sodium carbonate 
aqueous solution. After 90hr., 0.5¢. of 
sodium sulfide nonahydrate was added 
and cobalt(II) sulfide was removed and 
then the filtrate was flowed through a 
cation exchange resin column (H form 
Amberlite IR-120). The amino acids ad- 
sorbed on the resin were eluted with 2n 
aqueous ammonia. The crude crystalline 
product (190 mg., 80% yield) obtained from 
the above eluate showed dextro rotation, 
[a]}5 +3.84 (c 2.345, in water), m.p. 223~ 
224°C. The paper chromatogram, obtained 
by developing with n-butanol-methylethyl- 
ketone-concentrated aqueouS ammonia- 
water (5:3:1:1), indicated that the crude 
product consisted of threonine, allothreo- 
nine and glycine with the relative ratio of 
the spot area of 7:2:1. The crude 2,4- 
dinitrophenylthreonine obtained from the 
reaction product showed levo rotation, [a] }} 

8.22 (c 2.34, in 4% aq. sodium hydrogen 
carbonate), (asymmetric yield ca. 8%), 
m. p. 125~132°C. 

Glycino - bis (levo- propylenediamine) -co- 
balt(III) chloride’, which is considered to 


3) J. C. Bailar, Jr., C. A. Stiegman, J. H. Balthis and 
E. H. Huffman, J. Am. Chem. Soc., 61, 2402 (1939). 

4) A. D. Gott and J. C. Bailar, Jr., ibid., 74, 4820 (1952). 

5) M. Sato, K. Okawa and S. Akabori, This Bulletin, 
39, 937 (1957). 

6) J. Meisenheimer, L. Angerman, H. Holsten and E. 
Kiderlen, Amn., 483, 217 (1924). 

7) The specific rotation and m. p. of dinitrophenyl- 
L-threonine are described to be +107 and 145°C, respec- 
tively, by K. R. Rao and H. A. Sober, J. Am. Chem. Soc., 
76, 1328 (1954). 

8) Amal. Found: C, 27.51: H, 6.75; N, 19.28. Caled. for 
CsH2402Ns5Cl2Co: C, 27.21:H, 6.86; N. 19.88%. 
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be preferable to t[Coen,glycine]l, was 
prepared and treated with acetaldehyde 
in a similar manner described above. The 
threonine thus obtained was a syrup and 
probably contaminated with levo pro- 
pylenediamine. The paper chromatogram 
showed that this crude threonine consisted 
of threonine, allothreonine and glycine 
with the approximate ratio of 6.5:3:0.5. 
This crude threonine was converted into 
dinitrophenyl derivative (75% _ yield), 
which showed a slight levo rotation, [a] }} 

1.2 (c 5.822 in 4% aq. sodium hydrogen 
curbonate), (asymmetric yield ca. 1%). 

These varied yields for the asymmetric 
product may depend largely on the sta- 
bility of the complex ions. 


Institute of Scientific and 
Industrial Research 
Osaka University 
Kitahanada-cho, Sakai 





The Crystal Structure of Phenylarsonic 
Acid* 


By Akira SHimMapa 
(Received December 28, 1958) 


In the attempt to determine the molec- 
ular configuration of an organoarsenic 
compound and at the same time to com- 
pare the structure of this acid with that 
of other organic acids, this study was 
undertaken. Small needle crystals of 
phenylarsonic acid, C;H;AsO(OH)., were 
easily obtained by the slow evaporation 
of a water-ethanol solution. Oscillation 
and Weissenberg photographs prepared 
with Cu K, radiation gave the following 
unit-cell dimensions: 


a 10.42, b=14.92, c=4.70A 


Schréder et al. already showed that this 
crystal was orthorhombic with the axial 
ratios 0.7048:1:0.203, and also that per- 
fect cleavages were found along the (110) 
plane, and imperfect ones along the (100) 
plane. The axial ratios given by these 


The major part of this paper was read at the 
Autumnal Joint Meeting of Chemical Societies of Japan, 
Tokyo, 1958. 

1) P. Groth, ‘‘ Chemische Krystallographie’’, Bd. IV, 
354, Engelmann Leipzig, (1917). 
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authors can be compared with the values 
derived by the X-ray measurement, 0.698: 
1: 0.315 -0.698:1:0.210x3/2. With assump- 
tion of four chemical units in the unit 
cell with the dimension given above, one 
can calculate the density to be 1.84 g. cc., 
which agrees satisfactorily with the ob- 
served value, 1.804g./cc., reported by 
Schréder”. The systematic absence of 
(h00O) reflections for h-odd, (0k0) ones 
for k--odd, (001) ones for /=odd, and noth- 
ing else lead to the space group D', 
P2,2,2;. Intensities were estimated visually 
with a calibrated scale, by making use of 
the multiple-film technique. The correc- 
tions for polarization and Lorentz factors 
were made in the usual way and that 
for absorption was neglected. 

Since the c axis is shorter and each 
projection has the center of symmetry 
with plane group P,,, the Patterson pro- 
jection onto the (001) plane was first syn- 
thesized, which revealed clearly inter- 
atomic vectors between arsenic atoms 
owing to their greater scattering powers. 
The first electron-density projection was 
then synthesized, the Fourier coefficients 
being the observed structure amplitudes 
|Firo|’S with the signs determined by the 
arsenic atoms alone, and the successive 


‘refinement of the electron-density projec- 


tion made clearer all of the atomic positions 
except hydrogen atoms. The _ electro- 
density projection is shown in Fig. 1. The 
reliability index for (hkO) spectra is, at 
the present stage of refinement, 20°% with 
a temperature factor B--4.2A for all. 
Preliminary studies of electron-density 
projections along other axes with the same 
method of analyses were sufficient to give 
an approximate z coordinate of each atom, 
from which the outline of the molecular 
configuration as well as their orientation 
were derived. 

Although the result given above is pre- 
liminary and not very accurate, some 
interesting features of crystal structure 
were revealed. The interatomic distances 
within a molecule as well as between 
nearest molecules were found to be plau- 
sible. Three As O bonds, with a mean 
length of 1.6, A, and an As-C; bond, with 
a length of 1.9, A, are arranged in a dis- 
torted tetrahedron. Long chains are 
formed along the two-fold screw axis per- 
pendicular to the (001) plane by two sets 
of non-equivalent hydrogen bonds -OH-;::: 
O,:--HO.-. One set of hydrogen bonds with 


2) Schréder, Ber., 12, 562 (1879) 
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Fig. 1. 
intervals. 


a distance 2.7;A unites the oxygens, O 
and O;, of adjacent molecules around the 


screw axis, while the other set with a 
distance 2.5, A unites the oxygens, O; and 
O,, of adjacent molecules both along the 
c axis. The benzene rings are connected 
through the arsenic atoms to these chains 
and, hence, there might be no intermolec- 
ular forces other than those of the van 
der Waals type between these chains. 
This mode of packing of the molecules 
would explain the cleavages along the 
planes parallel to the (110) and (100) 
planes. Further refinement of the struc- 
ture is now in progress. 


The author wishes to express his sincere 
thanks to Professor I. Nitta and Professor 
T. Watanabé of Osaka University for their 
helpful advice, to Professor H. Nakata of 
Konan University for supplying the speci- 
men, and to the other members of this 
University for their encouragement. 


Department of Chemistry 
Faculty of Science 
Konan University 
Higashinada, Kobe 


Projection of the structure on (001). 
Dashed line indicates the hydrogen bond between the molecules. 


——— 


Contours are drawn at arbitrary 


Effect of Antioxidants on Polyethylene 


By Shigeharu Oxamoro and 
Keisaku TaKeucui* 


(Received January 9, 1959) 


It is well known that oxidized poly- 
ethylene contains some amount of oxygen. 
Infrared spectrophotometric studies” have 
shown that during oxidation carbonyl 
groups are formed. The presence of these 
polar groups should be readily detected 
by measurements of the dielectric losses 
which imply the existence of the rotation 
of the polar groups under the influence 
of an externally applied alternating elect- 
ric field. The oxidation resistance of 
polyethylene can be improved by the use 
of certain inhibitors and it is to be ex- 
pected that increased knowledge of the 
effect of antioxidants on polyethylene will 
contribute toward this improvement. 


Present Address, Kijima Communication Wire Co., 
6-1252, Kamimeguro, Meguro-ku, Tokyo. 
1) F. M. Rugg, J. J. Smith and R. C. Bacon, J. 
Polymer Sci., 13, 535 (1954). 
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Fig. 1. 
to ultraviolet radiation. 


The dissipation factor as a function of temperature for polyethylene exposed 
Frequency 10 kce./sec. 


© before exposure; A (20hr.) and 


A (40 hr.) exposure, with an antioxidant; @ (20 hr.) and [] (40 hr.) exposure, without 


antioxidant. 


In this view we have studied the 
effect of an antioxidant on the change of 


the dielectric losses of polyethylene during 


aging. The polyethylene examined was 
Alathon 10-NC10-Natural and the anti- 
oxidant chosen was a-naphthylamine. A 
small amount of the antioxidant (1% by 
weight) was added on an open mill into 
the polyethylene sample. The photo-oxi- 
dation of polyethylene specimens has been 
carried out by exposure to the ultraviolet 
radiation from a mercury quartz lamp 
during 20 and 40hr. Dielectric measure- 
ments were made over a temperature 
range of —75 to +100°C at a frequency of 
10 kilocycles per sec. The results are 
given in Fig. 1. 

As shown by the graph, for poly- 
ethylene samples containing no antioxi- 
dant, there exist three loss peaks and the 
maximum heights of the peaks increase 
as the time of exposure is increased. It 
is customary to label these peaks as a, § 
and 7 descending from higher tempera- 
tures. On the other hand, far poly- 
ethylene samples containing a_ small 
amount of antioxidant, the a and § loss 
peaks which are attributed to the carbonyl 
activity in the crystalline regions and to 
that in the amorphous regions respectively, 
are markedly small and remain almost 
unchanged in intensity, independent of 
increasing exposure time. Furthermore, 


the 7 peaks are missing as does that of 
original polyethylene sample before ex- 
posure. 

It is concluded from the results that di- 
electric measurement is a sensitive method 
to estimate the degree of polarity of oxi- 
dation products and a-naphthylamine can 
be established to be an effective oxidation 
inhibitor for polyethylene by the use of 
dielectric method too. 


Department of Applied Physics 
Waseda University 
Shinjuku-ku, Tokyo 


On the Photochemical Decomposition of 
2,4-Dinitrophenyl Peptides 


By Shiro Akasori, Shumpei SAKAKIBARA 


and Keiko SaKkaAkKIBARA* 


(Received February 5, 1959) 


In recent years, Blackburn”, Mills” and 
others have pointed out the fact that 


Present address, Kobe Yamate Women’s Junior Col- 
lege, Ikuta-ku, Kobe. 
1) S. Blackburn, Biochem. J., 45, 579 (1949) 
2) G. L. Mills, ibid., 59, 707 (1952). 
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DNP-amino acids are unstable toward 
light, and Akabori et al.*? have previously 
reported a semiquantitative investigation 
on the photochemical decompsition of the 
DNP-amino acids. 

In the present investigation, photo- 
chemical decomposition of DNP-dipeptides, 
DNP-t-leucyl-glycine and DNP-glycyl-.- 
leucine, was examined. It was thus con- 
firmed that the N-terminal amino acid 
residues of these peptides, together with 
the attached DNP-group, were completely 
decomposed under suitable conditions, 
resulting in the liberation of the C-terminal 
residues, glycine and leucine, in the form 
of free amino acids. The starting ma- 
terials, DNP-.-leucyl-glycine and DNP- 
glycyl-1-leucine, were prepared from L- 
leucyl-glycine” and glycyl-t-leucine® ac- 
cording to Sanger’s method® and their 
purity was confirmed by nitrogen analysis 
and two-dimensional paper chromato- 
graphy under improved Levy’s condition”. 

Anal. Found: N, 15.68**; N, 15.78***, 
Calcd. for C,,H;;0;N;: N, 15.81%. Found: 
N, 15.40****. Calcd. for C144His0;N.-1/2 H.0: 
N, 15.42%. Two milligrams of DNP-1- 
leucyl-glycine (m.p. 154~157°) on a glass 
dish (9cm. in diameter) were dissolved 
in asmall amount of ethanol or ether and 
then diluted with 20 ml. of suitable solvent 
such as distilled water, 1N-hydrochloric 
acid, ether, benzene, chloroform and 
carbon tetrachloride. The solution was 
covered with cellophane sheet (0.02 mm. 
thick) and exposed to a 15W. Mazda 
UV-sterilizing lamp for about 20hr. at a 
distance of 20cm., the principal line of 
the lamp being 2537 A. The exposed solu- 
tion was evaporated to dryness in a 
vacuum desiccator at room temperature 
and the residue was extracted as com- 


pletely as possible with 1lml. of water. 
One tenth milliliter of the extract was 
subjected to paper chromatography using 
a mixture of butanol, acetic acid and 
water (4:1:1) as solvent in order to 
detect the ninhydrin-positive products. 
The water-insoluble part of the photo- 
decomposed residue was extracted with 
ethyl acetate and the extract was similarly 
analyzed by two-dimensional paper chro- 
matography under improved Levy’s 
condition (Fig. 1, Table I). When water 
or 1n-hydrochloric acid was used as the 
solvent during irradiation, rather com- 
plicated results were obtained; dinitro- 
aniline, dinitrophenol, glycine and other 
ninhydrin-positive materials, though small 
in amount, being detected as the products. 
In the case of benzene as the solvent, 


~ Butanol NH 


—1.5M Phosphate 
Fig. i. An example of two-dimensional 
paper chromatograms of ethyl-acetate 
soluble parts of the photodecomposed 
products, the details of which are listed 
in Table I. 


Spot I (yellow) corresponds to the DNP- 
leucyl-glycine and to the DNP-glycyl- 
leucine, spot II (yellow) to dinitrophenol, 
spot III (deep yellow) to dinitroaniline 
and sport IV (brown) probably to basic 
materials derived from dinitroaniline. 


TABLE I 


Starting 
material 
Ben- 
zene” 


Ben- 


Ether” 
zene 


Reaction 
solvent 
Spot I ttt tt +H 


Spot Il t ~~ 


Spot III : - a 
Spot IV 7 
a Starting material before irradiation. 
b Solvent which was saturated with 1N-hydrochloric acid. 


3) S. Akabori, T. Ikenaka, Y. Okada and K. Kohno, 
Proc. Japan Acad., 29, 509 (1953). 

4) M. Bergmann, L. Zervas and J. S. Fruton, J. Biol. 
Chem., 111, 238 (1935). 

5) E. Fischer and J. Steingroever, Ann., 365, 167 (1909). 

6) F. Sanger, Biochem. J., 39. 507 (1945); ibid., 45, 563 
(1949). 


DNP-leucyl-glycine 


DNP-glycyl-leucine 


Carbon 
tetra- 
chloride” 


Carbon 
tetra- 
chloride” 


Chloro- 


Chloro- 
form? 


form» 


tt 


7) A. L. Levy, Nature, 174, 126 (1964); G. Koch and 
W. Weidel, Z. physiol. Chem., 203, 213 (1956). 

** DNP-L-leucyl-glycine (dried in vacuo at 
temperature) 

*** DNP-glycyl-L-leucine (dried in vacuo at 80° for 3hr.) 
**** DNP-glycyl-L-leucine (dried in vacuo at room 
temperature) 
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especially when saturated with 1ln-hydro- 
chloric acid, only one faint but clear spot 
corresponding to glycine was obtained as 
ninhydrin-positive substance, but greater 
part of the starting material remained 
unchanged. More promising results were 
obtained in the case of chloroform and of 
carbon tetrachloride saturated with 1n- 
hydrochloric acid. In both cases only one 
deep spot due to glycine (almost in the same 
density) was obtained, but a distinct dif- 
ference was observed in the ethyl acetate 
soluble by-products. 

Two milligrams of DNP-glycyl-.-leucine 
(sintered at 75~78°, resolidified and then 
decomposed at 110~115°) were dissolved 
in a small amount of ether and diluted 
with 20ml. of chloroform or carbon tetra- 
chloride, and treated exactly as in the 
case of DNP-leucyl-glycine. As expected, 
a clear single leucine spot was obtained 
in both solvents. 

Application of these results to DNP-tri 
or higher peptides would be more inter- 
esting and the method may be utilizable 
as a new route for step-wise degradation 
of peptides from their N-terminal amino 
acid residues. Studies along this line are 
being pursued in this laboratory. 


Institute for Protein Research 
Osaka University, Nishi-ku, Osaka 





Infrared Absorption Bands Possibly As- 
sociated with the Helical Structure of 
Polystyrene, Poly-p-methylstyrene 
and Poly-m-methylstyrene Prepared 


with Ziegler Catalyst 


By Hiroyuki Tapoxoro, Shun’ichi 
Nozakura, Tohru Kirazawa*, Yutaka 


YASUHARA and Shunsuke Murauasui 
(Received February 5, 1959) 


In a previous paper” we have briefly 
suggested the possibility that the several 
bands of the spectrum of isotactic poly- 


* Present address, Research Laboratories, Kanegafuchi 
Spinning Co. Ltd., Tomobuchi-ch6é, Miyakojima-ku, 
Osaka. 

1) H. Tadokoro, N. Nishiyama, S. Nozakura and S. 
Murahashi, J. Polymer Sci., to be published. 
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styrene might be associated with the three- 
fold screw-axis of this polymer. On car- 
rying out further studies in relation to 
this problem, we have found some ex- 
perimental facts which supports this pos- 
sibility as well as the inference that poly- 
p-methylstyrene and poly-m-methylstyrene 
prepared with Ziegler catalyst might have 
the isotactic structure, although they did 
not show distinct crystallinity. 

Fig. 1 partly reproduces the spectra of 
of the films of crystallized and quenched 
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Fig. 1. Infrared spectra of crystallized 
and quenched IPS, APS, crystallized 
and quenched IPTDS, crystallized and 
quenched IPPDS, APPDS, ZPPMS, 

APPMS, ZPMMS and APMMS. 
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isotactic polystyrene (IPS)? atactic poly- 

styrene (APS), crystallized’ and quenched 

isotactic poly - a, §, § - trideuterostyrene 

(IPTDS)”, -(-CD.-CD-),-, crystallized and 
C.H; 


quenched isotactic poly-p-deuterostyrene 


(IPPDS), -(-CH,CH-),-, atactic poly-p- 


JY 


D 
deuterostyrene (APPDS), poly-p-methyl- 
Styrene prepared with Ziegler catalyst 
(ZPPMS), atactic poly-p-methylstyrene 
(APPMS), poly-m-methylstyrene prepared 
with Ziegler catalyst (ZPMMS) and atactic 
poly-m-methylstyrene (APMMS). Fig. 2 
shows the polarized spectra of the oriented- 
and-crystallized IPS, IPTDS and IPPDS 
samples. The spectra of IPS and IPPDS 


o 


IPTDS 


Transmission % 
st 
Transmission % 


@ 
So 


IPPDS 


V) 
) 1363 1314-1183 


1500 1400 1300 1200 1100 
Wave number in cm~! 
Fig. 2. Polarized infrared spectra of IPS, 
IPTDS and IPPDS. 
electric vector perpendicular to 
elongation 
electric vector parallel to elonga- 
tion 


2) G. Natta and P. Corradini, Makromol. Chem., 16, 
77 (1955). 

3) S. Murahashi, S. Nozakura, M. Sumi and K. Hatada, 
This Bulletin, to be published. 
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exhibit several bands showing the same 
dichroism and the similar behavior on 
crystallization at nearly the same wave 
numbers; 1364 (1), 1314 (LL), 1297 ( ) 
and 118cm~! (||). These four bands 
appear in weak intensity even in the 
spectra of quenched samples of IPS and 
IPPDS which give amorphous X-ray pat- 
terns, while they do not appear in the spec- 
traof APS and APPDS. As these four bands 
are absent in the spectrum of IPTDS, 
these bands are considered to be not 
directly associated with the vibrations of 
the phenyl group, but with that of main 
chain. The first three bands at 1364, 1314 
and 1297cm~-! may be in the region as- 
signable to CH, and CH wagging and CH, 
twisting, and the fourth at 1185cm™ in 
the region of CH» twisting and C-C stret- 
ching’. Hence the bands in these regions 
may be expected to be easily affected by 
the changes of the skeletal configurations. 
We could therefore consider that those 
bands are closely associated with the in- 
tramolecular interactions in the helical 
chain having the three-fold screw-axis 
(alternate sequence of gauche and trans 
conformation)*». The occurrence of 
these bands in the spectra of the quenched 
samples of IPS and IPPDS may be inter- 
preted as indicating the existence of the 
locally remained helical structure in the 
amorphous region. 

It is interesting to note that the differ- 
ence between the spectra of ZPPMS and 
APPMS as well as that between those of 
ZPMMS and APMMS are closely analogous 
to that between the spectra of quenched 
IPS and APS. Similar bands appear also 
at nearly the same positions in the spectra 
of ZPPMS (1363, 1314 and 1290cm~™') and 
ZPMMS (1361, 1310 and 1190 cm~') prepared 
with Ziegler catalyst, although these poly- 
mers are not appreciably crystalline. On 
the other hand, these bands are absent 
in the spectra of ordinary APPMS and 
APMMS. In view of the similarity pointed 
above, it can be inferred that ZPPMS 
and ZPMMS may have also isotactic and 
local helical structure just as quenched 
IPS has. Now the tentative explanation 
for the reason why these polymers are 
difficult to be crystallized in spite of their 
possible isotactic structure, would be that 
the packing of the neighboring molecular 


4) For example, Fig. 4 of the paper by Nielsen et al. 
J. R. Nielsen and A. H. Woollett, J. Chem. Phys., 26, 
1391 (1957). 

5) C. W. Bunn and E. R. Howells, J. Polymer Sci., 
18, 307 (1955). 
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chains in hypothetical crystalline lattices 
of these polymers may be considered to 
be not so close on account of the existence 
of the p- or the m-substituent methyl 
groups. 

The inference of the existence of local 
helical structure is strongly supported by 
the experimental results that the densities 
of several samples of ZPPMS (1.015.+ 
0.0008 g./cc.) were always higher than 
those of APPMS  (1.011,-+0.0008 g./cc.). 
These density values were measured by 
the flotation method using aqueous sodium 
chloride solution at 25°C. 

Thus, it may be considered that ZPPMS 
and ZPMMS might be crystallized if some 
adequate conditions of orientation and 
thermal treatments were found. In this 
standpoint of view, we are now going to 
study the crystallization of these polymers 
by use of X-ray-, infrared- and density 
measurements. 








Department of Chemistry 
Faculty of Science 
Osaka University 

Kita-ku, Osaka 





On the Structure of Actinidine and Matatabi- 
lactone, the Effective Components 


of Actinidia polygama 


By Takeo Saxan, Akira Fuyino, 
Fujio Murai, Yasuo ButTsuGANn 
and Akio Suzut 


(Received February 10, 1959) 


Deep interest has been held in Japan in 
Actinidia polygama Miq., a plant especially 
liked by the Felidae animals. The authors 
isolated two substances that excite cats 
from the leaves and gall of this plant. One 
is a base, named actinidine, CioHi;N, b.p. 


7 9° 
om 


100~103°C/9mm., [a] jj 7 (c 17.54, 
chloroform) (picrate: m.p. 143°C; Anal. 
Found: C, 51.45; H, 4.09; N, 14.97. Calcd. for 
C.is6H1s07N,: C, 51.06; H, 4.29; N, 14.89%), 
and the other, a neutral substance, named 
matatabilactone, CioH;;O., b.p. 106~109°C 
2mm., [a]j +31.9° (c 1.82, chloroform) 
(3,5-dinitrobenzoate of the methyl ester of 
the corresponding hydroxy acid: m.p. 
78~79°C; Anal. Found: C, 54.88; H, 5.77; 
N, 7.09. Calcd. for CisH.2.O:N2: C, 54.82; 
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H, 5.62; N, 7.10%). 

Permanganate oxidation of the hydroxy 
acid, obtained by alkali hydrolysis of 
matatabilactone, afforded two isomeric 
dicarboxylic acids, C:oH;;O,, of m.p. 84~ 
85°C, [a] 3 +32.5° (c 0.63. chloroform), (Anal. 
Found: C, 60.32; H, 8.08. Calcd.: C, 59.98; 
H, 8.05%), and of m.p. 117~118°C, [a]}? 
-+-15.6° (c 0.93, chloroform), (Anal. Found: 
C, 60.32; H, 8.08.), which were found, 
through the good offices of Dr. McElvain, 
to be respectively identical with nepeta- 
linic acids’? of m.p. 85°C (Ia*) and of 
m.p. 117°C (Ib), obtained from nepetalac- 
tone by him.** 


CH; CH, O 
COOH ~\*0 
| 
—A,,_ 00H 4 
R; Ry Ry Rp 
Ia R;=CH;,R:=H _—iIa R, =CH;,R2=H 
Ib R,=H,R2=CH; _—iIb R, =H, Rz=CH; 








CH3 

— “ 0 

eet ZOD 
Ry "Rp 









IIIa R, 
IIIb R; 


CH;, R2=H 
H, R2=CHs3 


It follows, therefore, that the structure 
of matatabilactone may be represented by 
either II or III. In the inrared spectrum 
of matatabilactone, the value of vc-o0 
(5.76 in carbon tetrachloride) differs 
from that® of isoiridomyrmecin” (irido- 
lactone)**(IIIa) and of iridomyrmecin®*-” 
(IIIb), but is very similar to that of the 
dihydro derivative of nepetalactone*. 
Thus, matatabilactone is II, i.e. dihydro- 
nepetalactone’’. Examination are now 







Heavy dots represent that the substituents are 
situated above the plane of the cyclopentane ring. 

** Through mixed fusion test and comparison of 
infrared absorption spectra. 
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being made to see whether this lactone is 
a mixture of Ila and IIb or not. 

Actinidine was assumed to be a pyridine 
base from its color reaction (violet to 
2,4-dinitrochlorobenzene and alkali) and 
from ultraviolet and infrared absorption 
spectra, Amax 262mye (ethanol) (<¢-- 2,400) 
and ve_-x 6.304 (liquid). Several pyridine 
derivatives were actually isolated as the 
permanganate-oxidation products. One 
melting at 255°C with decomposition (Anal. 
Found: C, 53.19; H, 4.24; N, 8.00. Calcd. 
for C;H;0O,N: C, 53.04; H, 3.90; N, 7.73%), 
was found to be identical with 5-methyl- 
pyridine-3, 4-dicarboxylic acid obtained by 
similar oxidation of 4-methylisoquinoline. 
Consideration of the natures of other 
oxidation products, a hydroxy compound, 
m.p. 132~133°C (Anal. Found: C, 73.11; 
H, 8.23; N, 8.48. Calcd. for CioHi;0N: C, 
73.59; H, 8.03; N, 8.58%) and a lactone, 
m.p. 92.5~93°C (Anal. Found: C, 66.33; 
H, 5.61; N, 8.28. Calcd. for C,H,O.N: C, 
66.24; H, 5.56; N, 8.58%), suggests formula 
IVa for actinidine. 

The alternative formula IVb is excluded 
by the fact that a ketone, m.p. 47~49°C, 
vc-o0 5.85 #¢ (liquid), (Anal. Found: C, 74.42; 
H, 6.92; N, 8.49. Calcd. for CiwHiON: C, 
74.51 ; H, 6.88; N, 8.69%), was derived from 
actinidine-N-oxide, m.p. 123.5~124.5°C 
(Anal. Found: C, 73.94; H, 8.04; N, 8.45. 
Calcd. for C1HHi30N: C, 73.59; H, 8.03; N, 
8.58%) through rearrangement, hydrolysis 
and oxidation. 


CHAR 

U 2 

“N7 
IVa R,—CH;, R2=H 
IVb R, =H, R:=CH; 


The structure IVa is closely related to 
that of II. Actually, actinidine was syn- 
thesized from nepetalinic acid imide as 
shown below. 


CH O CH; Cl 

NH PCIs§ -N7y i. ise 

Ll 1, 100°C UA Pd-C ° 
CH, CH; 


It is very interesting to note that a 
monoterpene and an alkaloid having the 
same carbon skeleton following the iso- 
prene rule have been found in one and the 
same plant. 
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Rapid Gas Chromatographic Analysis 
of a Mixture of Oxygen, Nitrogen, 
Methane, Carbon Monoxide, 
and Carbon Dioxide 


By Yuichi Murakami 
(Received February 10, 1959) 


Gas chromatography has been widely 
used as method for separation or analysis 
of many complex mixtures of gases or 
liquids. However, a mixture of oxygen, 
nitrogen, methane, carbon monoxide, and 
carbon dioxide has not been separated 
successfully. ‘‘ Molecular Sieves 5-A’”’ is 
effective in separating hydrogen, carbon 
monoxide, oxygen, nitrogen, and methane 
but it adsorbs irreversibly carbon dioxide’. 

Activated charcoal can separate hydro- 
gen, carbon monoxide, oxygen, methane, 
and other hydrocarbons, but for practical 
use carbon dioxide shows too long a reten- 
tion time as well as too widely a diffuse 
band and nitrogen can not be separated 
from oxygen’. Silica gel is very poor 
in separating hydrogen, oxygen, and 
methane” but for some rather complex 
procedure”, and gives longer retention 
time for carbon dioxide than that for the 
above gases. Alumina is also very poor in 
separating the above gases”? and adsorbs 
irreversibly carbon dioxide. 

The present author will propose a new 
method of gas chromatography, with 
which the above mixture can be completely 
analyzed within a few minutes. The 
principle and the procedure of the method 
are rather simple as follows. 


1) G. Kyryacos, and C. E. Boord, Amal. Chem., 29, 
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3) N.H. Ray, J. Appl. Chem., 4, 82 (1954). 
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29, 1541 (1957). 
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Apparatus.--The flow diagrams of the present 
new method and the usual one are illustrated in 
Figs. 1 and 2 respectively. In the usual method 
the carrier gas passes through successively a 
thermal-conductivity cell, a sample inlet, a 
column, and the other cell. The former cell 
works as a reference cell while the latter as a 
sensitivity cell. On the other hand, in the pre- 
sent method the carrier gas passes through suc- 
cessively a sample inlet, column I, thermal- 
conductivity cell I, column II, and cell Il. The 
two cells are the same in construction. The 
Fig. 1. Flow diagram of the present method. electrical circuit comprises a Wheatstone bridge, 
the two arms of which are the platinium wires 
of the thermal-conductivity cells. In order to 
measure both positive and negative deflections, 
it is necessary either to adjust the base line to 
Cell | the middle of the chart or to be able to switch 
the poles of the recorder. 

Columns.—Column I: A spiral copper column 
used was 40cm. long and 4mm. in inner diameter. 
Silica gel supplied by Chiyoda & Co. was used as 
the adsorbent. It was comminuted into 50~80 
mesh and heated for one hour at 350°C. Column 
II: A spiral copper column used was 200cm. long 
and 4mm. in inner diameter, and ‘* Molecular 
Sieves 5-A’’, comminuted into 50~80 mesh and 
heated for one hour at 400 C was used. 

Procedure and Principle of the present 
method.—The test gas is separated firstly 
Fig. 2. Flow diagram of the usual method. into carbon dioxide and a mixture of 

remaining gases by means of column I: 
they pass through thermal-conductivity 
cell I. During this period, in cell II the 
carrier gas alone is flowing, and then cell 
I is working as a sensitivity cell while 
cell Il as a reference cell. Successively 
the mixture of remaining gases is separated 
further into oxygen, nitrogen, methane 
and carbon monoxide through column II 
and they pass through cell II. The situa- 
tion in the second period is entirely 
changed, so that the role of each cell is 
interchanged and the direction of deflec- 
tion is reversed. 

The columns were operated at 80°C. The 
inlet pressure was 0.63kg. cm’ gage, the 
outlet atmospheric. The flow rate of 
hydrogen as carrier gas was /70cc./ 
min. Fig. 3. is an example of the gas 
chromatogram thus obtained and it shows 
that a mixture of oxygen, nitrogen, me- 
thane, carbon monoxide, and carbon 
dioxide has been completely separated. 
The time required for analysis is not more 
than four minutes. 





Carrier gas inlet 5. Column II 
Sample inlet 6. Cell II 
Column I 7. Outlet 


tm 0 DN = 





1. Carrier gas inlet 4. Column 


4 
2. Reference cell 5. Sensitivity cell 
6. Outlet 


3. Sample inlet 


MIXTURE OF 0,,N2,CHy,and CO 
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Fig. 3. Gas chromatogram. Tokyo Institute of Technology 
x Switching the poles of recorder. Meguro-ku, Tokyo 





